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LATENCY-CHOICE DISCREPANCY IN 
CONCEPT LEARNING’ 


MARVIN LEVINE? 
State University of New York at Stony Brook 


During concept learning, the probability of the correct response shifts 


abruptly from .5 to 1.0 around the trial of last error. 


This shift has been 


effectively treated by a theory of discontinuous processes. Latency measures, 
however, show a gradual decrease during the criterion run of correct 
responding. The gradual decrease can be explained by assuming that S is 
monitoring a set of hypotheses (Hs) and is narrowing the set down until 


only the correct H remains. 


An implication of this view, that the latencies 


will be constant from the point at which S holds only the correct H, was 


verified. 


In recent years, evidence has accrued for 
the view that adult humans learn concepts 
by a discontinuous process (specifically, by 
hypothesis testing). This formulation re- 
ceived strong support from the demonstra- 
tion by Bower and Trabasso (1964) that 
the trial of the last error (TLE) in a proto- 
col was an important pivot around which the 
discontinuity appeared. They showed the 
berportion of correct responses at each trial 
Afer the TLE to be constant at about 9 
defini TLE the proportion is 1.0, by 
is Ate Es Thus, plotting around the TLE 
and T Way yields a two-part curve. Bower 
i rabasso accounted for this curve and 
or other data by assuming that 5 sampled 
àn hypothesis (H) from a set of Hs and 
that the H dictated S’s response. If the 
response was correct, S kept his H; if it was 
Wrong, S returned the H to the set and ran- 


P * This research was supported by United States 
ublic Health Service Grant MH-11857-02. Grati- 
tude is owed Noel Leffler, who supervised the 
Experiment, ; 
L x Requests for reprints should be sent to Marvin 
-evine, Department of Psychology, State Univer- 
sity of New York at Stony Brook, Stony Brook, 
New York 11790, 
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domly resampled for a new one. Incorrect 
Hs led to an error with P —.5. Only the 
correct H permitted S to have a long un- 
broken string of correct responses. The 
obtained discontinuity around the TLE, then, 
was paralleled in the theory: S goes from 
holding incorrect Hs to holding the correct 
H. For present considerations, the im- 
portant feature of this theory is that S holds 
one H at a time. 

Latencies should also reflect this disconti- 
nuity. As Erickson, Zajkowski, and Eh- 
mann (1966) pointed out, latencies after the 
TLE should be constant and should be lower 
than the average latency before the TLE. 
This result, however, does not obtain. 
Erickson et al. showed that the latency dur- 
ing the criterion run, when the S is presumed 
to be holding the single correct H, is grad- 
ually decreasing over trials. Thus, a puzzle 
was posed. Choice responses reflect a dis- 
continuous process; latencies show decreases 
that suggest gradual strengthening. 

The discrepancy is resolved by abandoning 
the "one H at a time" conception. An 
earlier version of H theory (Restle, 1962) 
had included the possibility that 5 might 
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2 MARVIN LEVINE 


select and monitor a small subset of Hs. 
Levine (1966) and Trabasso and Bower 
(1968) showed that the data require this as- 
sumption. Levine (in press) has postulated 
that S (a) samples a subset of the Hs, (b) 
takes one, a working H, from this subset as 
the basis for his response, and (c) uses the 
outcome, whether "right" or “wrong,” to 
evaluate the Hs in the subset. "Those Hs dis- 
confirmed by the outcome may be rejected, 
thereby reducing the subset. Whenever a 
response is called "wrong," the working H is 
among those disconfirmed, so that a new one 
is taken. According to this view, the TLE is 
that trial at which S first takes the correct H 
as his new working H. During the next few 
trials, he is reducing his subset until none but 
the working H remains. Trabasso and 
Bower made the reasonable assumption that 
the latency is a function of the number of 
Hs in the subset to be evaluated. This im- 
plies that there should be a decrease in 
latency over the first few trials of the cri- 
terion run. 

The subset assumption, then, nicely ac- 
counts for the decreasing latency curve. The 
theory, however, has another implication. 
If the TLE is that trial on which S first takes 
the correct H as his working H, then there is 
a later trial at which all other Hs are elimi- 
nated. At that trial, the solution trial (ST), 
S first holds a single H. Thus, the ST, like 
the TLE, is also a pivotal trial. Before it, 
S has a decreasing subset containing more 
than the working H ; after it, S holds only the 
working H. The latencies should reflect this 
two-state character by a two-part curve: 
From the TLE to the ST the latencies should 
decrease; beyond the ST the latencies should 
be constant. Because the ST occurs at 
different trials for different S s, averaging at 
each trial after the TLE will obscure the 
discontinuity and yield a decaylike curve. 
However, averaging separately before and 
after the ST should yield the two parts 
clearly. 

The two-part implication could be tested 
only if the ST could be located. A simple 
expedient was tried. A bell was placed near 
S engaged in a concept learning problem. 
He was told to ring the bell when he had 


the solution. If the trial on which S sounds 
the bell is indeed the ST and if the fore- 
going theory is correct, then averaging the 
latencies at each trial around the ST should 
yield the two-part curve. 


METHOD 


Subjects—Thirty-two undergraduates volun- 
teered for the experiment to fulfill a requirement 
for the introductory psychology course. 

Materials.—The stimulus materials were on slides 
and were rear-projected onto two 3-in.-square 
translucent windows, set 6 in. apart. The display 
consisted of two letters (A or U), one large (1 i” 
high) and one small (4 in. high), one solid and one 
dashed, with one appearing in the left window a” 
the other in the right. The attributes and letters 
were shifted from trial to trial in a quasi-random 
way, so that each attribute appeared with cach letter 
and each position two times in every four trials. 
Enough stimulus slides were constructed to Pt 
duce 10 32-trial problems. i 

Procedure.—Each S was seated before the pant 
containing the two windows. A sample slide wa 
shown to S, and the eight characteristics (two 
positions, letters, sizes, and textures) were pointes 
out. He was instructed to press one of the tW; 
windows and that the word "right" or "wrong, 
would then light up, indicating whether he p" 
made the correct response. He was further "d 
formed that one of the eight characteristics WOY 
be the basis for choosing correctly throughout 1 
problem and that his task was to find the soluti?! 
and to choose correctly all the time. a 

Sixteen Ss (the E group) then had their att, 
tion drawn to a button located to their right Pd 
were told, “As soon as you know the solutio" 
press this button. After pressing, tell me what t f 
solution is, then continue with the problem.” a 
the remaining 16 Ss (the C group), this inst 
tion was omitted. All Ss then received two Prine 
tice problems. After S in the E group rang 7 
bell and announced the solution, E said sim? 
"Continue please." The E stated the solu 
(“A” and “right side") after each of these pr 
preliminary problems. The S was then rem i 
of the eight possible solutions, and eight ext a 
mental problems were presented. A problo 
lasted either until S made 12 consecutive corte 
responses or for 32 trials. Each of the eight $9 c; 
tions was used once in each problem. Different m 
had different sequences of solutions over the © 
problems. 


RESULTS AND DISCUSSION | 


t 

The bell ringing did not appear to dis E 

the performance of the E-group Ss. T! Pi 
learned during the two practice proble 


THE HYPOTHESIS POOL 


9 on 12 


5 6 7 8 
TRIAL 
Fic. 1. Latencies during the criterion trials 
for the two groups. 


to continue with the correct choices after an- 
DOUncing the solution. Only once did an S 
fail to ring the bell during the criterion run; 
uly Once did an S state the wrong solution. 
i he influence of the bell procedure may be 
urther evaluated from Fig. 1, which shows 
the post-TLE latencies for both groups. 
“xcept that Ss in the E group are responding 
ne what faster than Ss in the C group, 
he two curves show similar curvature and 
T th replicate the type of curve found by 
rickson et al. (1966). 
tl Figure 1 was constructed by aligning all 
2€ protocols at the TLE and averaging the 
atencies trial by trial (omitting in the E 
froup the STs). The two-part hypothesis, 
owever, may be tested by aligning the 
Protocols at the ST and then averaging. 
Bj 1S result is shown by the solid curve in 
h 8.2. The two-part curve confirms the 
bis othesis with no apparent ambiguity. The 
ee Ssibility remains, however, that the de- 
*asing solid line to the left of the ST could 
thi ean artifact of averaging. To check on 
ine Possibility, the problems were separated 
( Qo those in which S rang the bell shortly 
in < trials; n = 41) after the TLE and those 
Which he rang it several trials (5 or more; 
Seu) after the TLE. The results, pre- 
thar ^d as the dotted lines in Fig. 2, indicate 
iter ST is indeed a turning point in the 
Ore 9n run, no matter where the ST 
Curs, 


LATENCY (SEC) 


12 X 
9 (ST-TLE= 5)". N 


is] 


+1 42 43 +4 +5 46 47 
TRIAL 


4 
-5 -4 -3 2 3 


Fic. 2. Solid curve: latencies for the E group 
averaged at successive trials before and after the 
ST. Dashed curves: comparable data for two 
subgroups differing in the number of trials from 
the TLE to the ST. 


The results thus confirm the conception 
that S monitors a subset of Hs from which he 
selects a working H. The information at the 
end of each trial permits him to discard dis- 
confirmed Hs from the subset. Latency isa 
function of the number of Hs to be evalu- 
ated in the subset. On this view, the reduc- 
tion in latency reflects the reduction of the 
H set until a single H remains. It is only 
after this point that the condition envisaged 
by Erickson et al. (1966) appears: the 
latencies are constant. 
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DATA CONFLICT IN A MULTINOMIAL DECISION TASK* 


DAVID W. MARTIN ? 


Ohio State University 


Nine experienced and nine naive Ss gave subjective posterior probability 


estimates to six hypotheses based on six items of evidence. 


Five levels of 


data conflict and three levels of sample diagnosticity were combined fac- 


torially with 25 trials per cell. A logarithmic payoff was used. 


When com- 


pared to Bayes’ model, experienced Ss became increasingly conservative and 
endorsed fewer correct hypotheses as conflict and sample diagnosticity in- 
creased. Naive Ss also responded conservatively, but remained stable across 


conflict levels. 


The results are interpreted in terms of specific negative 


transfer of training and an inappropriate weighting of item impact. 


When man is given evidence and required 
to estimate the likelihood of each event 
from a mutually exclusive and exhaustive set 
of events, he has been found to be conserva- 
tive with respect to an optimal model ( Bayes' 
theorem, Peterson & Beach, 1967). This 
model written in terms oí the posterior odds 
(Q1) of two events or hypotheses given a 
sample of several items of evidence or data is 


Q = L Qs, 


where L is the likelihood of the sample of 
data given the occurrence of each of the 
hypotheses and Q, is the odds of the two 


hypotheses prior to information concerning 
the data. 


Consider, e.g., two urns (hypotheses ) 
each containing 100 objects differing in some 
dimension such as color. Urn A might con- 
tain 60 red and 40 blue objects, while Urn B 
might contain 40 red and 60 blue objects. 
An urn is chosen based on the toss of a fair 
coin, and an object is drawn from the chosen 
urn. An S is told the color of the object 
and asked how likely it is that each urn was 


1 This research was carried out at the Human 
Performance Center and was supported in part 
by the Aerospace Medical Research Laboratories 
Aerospace Medical Division, Air Force Systems 
Command, Wright-Patterson Air Force Base, Ohio. 
under Contract AF 33(615)-2248 with the Ohio 
State University Research Foundation. Further 
reproduction is authorized to satisfy needs of the 
United States Government. An expanded version 
of this study was submitted as partial fulfillment 
of the requirements for the MA degree. 

? Requests for reprints should be sent to David 
W. Martin, Human Performance Center, Ohio 
State University, 404-B West 17th Avenue, Colum- 
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chosen given this information. In this ex- 
ample % = 1/1 and L = l = 60/40 or 40/60. 
If several objects are drawn with replace- . 
ment, L can be found by multiplying each oí 
the individual likelihood ratios, eg., the 
likelihood of the predominately red urn give? 
two red objects and a blue, L = «h^ 
(60/40) (60/40) (40/60). 

Thus, 9, is determined by Q, and L, where 
L is made up of the likelihood ratio of each 
datum (l), the number of data, and the 
manner in which each of these data favors ? 
given hypothesis. . 

A number of past experiments have m- 
vestigated three of the previous components | 
that make up Qı. Generally, as Qo departs 
from 1.0, conservatism increases (Peterson 
Miller, 1965), although with a more f 
stricted range, 29 seems to have little effec 
(Phillips & Edwards, 1966; Schum, 1966): 
Perhaps the most pervasive effect on $f | 
performance has been found to be the size 
of 1. As l approaches 1.0, Ss become 165? 
conservative and even excessive in their est 
mates (Peterson & Miller, 1965; Phillips 
Edwards, 1966; Schum & Martin, 1968): 
The number of data, or sample size, aS | 
affects conservatism. Peterson, Schneide? 
and Miller (1965) and Schum (1966) y 
widely differing contexts reported increas? 
conservatism with increasing sample size- d 

The final component determining Q; İS Hm 
manner in which each / favors a given af 
pothesis. This component is called con ic 
and is defined as the number of l favori”? 
any hypothesis other than the one gener p 
the data sample; e.g., (60/40) (60/40) (6 
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40) has less conflict than (60/40) (40/60) 
(60/40). It is apparent that while there 
are five components of Bayes' theorem being 
considered (21, Qo, 1, sample size, and con- 
flict), these are constrained by 4 degrees of 
freedom. No one variable can be manipu- 
lated without changing at least one other 
variable. In a previous experiment (Schum 
& Martin, 1968), conflict was systematically 
varied, but by necessity the size of Q1, sample 
diagnosticity, was confounded with it. While 
conflict had marked effects, it was impossi- 
ble to separate these effects from the strong 
effects of Oi. The present study investi- 
gated sample conflict with sample size and 
Q held at a constant value and with 9, con- 
Strained to one of three levels. 

A second purpose of the present experi- 
ment was to assess the effects of S ex- 
perience in a decision-making context where 
Conflict is manipulated. Some past research 
has exclusively employed experimentally 
naive Ss (Peterson & Miller, 1965; Phillips 
& Edwards, 1966), while other research has 
used more experienced Ss (Schum, 1966; 
Schum & Martin, 1968). It is thus of some 
Importance to investigate the possible effects 
of experience on inferential performance. 


METHOD 


Subjects — The Ss were undergraduate students 
enrolled at Ohio State University. Nine naive and 
nine relatively experienced Ss were used, the cri- 
terion for experience being half-time work for at 
least 9 mo, in multinomial probabilistic inference 
tasks. Naive Ss received a 4-hr. orientation pro- 
gram including a general discussion of probabilities, 
an introduction to the task, and instructions in the 
use of the contingency tables and the payoff func- 
tion graph. 

Procedure.—A symbolic multinomial environment 
Was used in which there were six hypotheses 
“ually likely on an a priori basis; 8 — 1 for any 
Pair, To generate a sample of data, a hypothesis 
Was randomly chosen, a sample was drawn, and S 
Was informed of the state of 6 out of 15 possible 
Stimulus dimensions. For a given dimension, by 

nowing which state had occurred and referring to 
a contingency table available, S could determine 
Which hypothesis this datum favored and by what l. 
"Or a given dimension only one l existed, but any 
Of 6 states within this dimension was possible, 
"ach of which favored only one of the six hy- 
Dotheses, 

Using the urn paradigm, a dimension might be 
Color and the state might be red. By referring to 


TABLE 1 
EXAMPLES or Two POSSIBLE CONTINGENCY TABLES 
Urn 
Dimension and state 
1 2 3 4 5 6 
Color 
Blue 10 | 50 | 10 | 10 | 10 | 10 
Black 10 | 10 | 10 | 50 | 10 | 10 
Red 50 | 10 | 10 | 10 | 10 | 10 
Green 10 | 10 | 10 | 10 | 50 | 10 
White 10 | 10 | 50 | 10 | 10 | 10 
Yellow 10 | 10 | 10 | 10 | 10 | 50 
Composition 
Glass 4 4 + 4 4 | 80 
Wood 1 4 4 4 | 80 4 
Plastic 80 4 4 4 4 4 
Metal 4 4 | 80 4 4 EI 
Paper 4 | 80 4 4 4 4 
Plaster 4 4 4 | 80 + 4 


his contingency table (see Table 1), S might find 
that there were 50 red objects in a given urn 
and 10 in each of the other five urns (/=5/1). 
A second dimension might be composition, with 
the state being metal. In this case there might 
be 80 metal objects in a given urn and 4 metal 
objects in each of the others (/-— 20/1). 

In this simplified multinomial environment where 
a datum favors only one hypothesis over each of 
the others, if one ignores the size of / and con- 
siders only its direction, there are 19 ways that 
a sample of six data may be distributed across 
hypotheses. Using the definition of conflict pre- 
viously given, these cases can be grouped into 
six conflict levels according to the number of data 
favoring any hypothesis other than the generating 
hypothesis. Five of these levels were used in the 
present experiment, excluding the case with no 
conflict. 

The problems were selected such that a factorial 
analysis could be used with five levels oí conflict 
and three ranges of sample diagnosticity. In terms 
oí the size of the probability 3 under the generating 
hypothesis, these ranges were .45-.59, .65-.79, and 
.85-.99. Twenty-five samples were presented from 
each cell of the design, giving a total of 375 
samples. 

In addition to an hourly wage of $125/hr, Ss 
received a logarithmic payoff. The payoff in- 
creased with higher probability estimates under the 


3 For simplicity Q; has been used up to this point. 
However, since S actually gave his estimate in 
terms of subjective probabilities, these are used in 
the discussion oí the payoff function and data. In 
the multiple hypothesis case, posterior probabilities 
can be converted to % by taking the ratio of the 
probabilities for any two hypotheses : 
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generating hypothesis, but as a logarithmically de- 
creasing function. The function was 


payoff unit = 10 + 12.851 logis 
(subjective probability). [1] 


This function has the following characteristics : 
(a) It yields no payoff if the prior probabilities 
are given; (b) at .5¢/unit, it allows a maximum of 
5¢ and a minimum of —15¢ per trial; and (c) in 
order to maximize subjectively expected winnings 
with a logarithmic function, it has been shown that 
S should give his actual subjective probabilities 
rather than any other numbers (van Naerssen, 
1962). Thus, a logarithmic payoff function was 
used in an attempt to get S to give his actual sub- 
jective probability estimate, 

During each trial, S Observed a closed-circuit 
television monitor displaying the six dimensions 
being reported during that trial and the particular 
state of each dimension. The S could then consult 
a contingency table to determine which hypothesis 
each datum favored and by what |. Within 5 
min., S was required to record his subjective prob- 
ability that each of the six hypotheses had gen- 
erated this sample by writing a probability between 
.995 and .001 under each of the six hypotheses listed 
on a response sheet. It was required that this 
vector sum to 1.0. Payoff was calculated based on 
the size of the probability under the hypothesis that 
had generated the data using Equation 1. Payoff 


information was presented following each 30-trial 
sequence. 


RESULTS AND Discussion 


The primary dependent variable used was 
one that is commonly reported in such re- 
search, the accuracy ratio, which indicates 
the optimality of a subjective estimate by 
attaching an exponent to L in the normative 
Bayes' model : 


Q = JAR Qo. 
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Thus, an AR = 1.0 may be considered opti- 
mal behavior; AR « 1.0, conservative; and 
AR > 1.0, excessive (see Schum, 1966; | 
Schum & Martin, 1968; for a discussion of 
AR applied to multinomial case). 

Figures 1 and 2 indicate the AR and 95% 
confidence intervals obtained for naive and 
experienced Ss under each of the five con- 
flict levels. In all conditions the means of 
the AR were ordered with high sample 
diagnosticity being most conservative and 
low diagnosticity being least conservative. 
Across conflict levels and Ss the means of the 
AR for sample diagnosticity levels were : 626 
(high diagnosticity), .803 (medium), and 
.979 (low). 

The analysis of variance for AR showed 
that the main effects of diagnosticity level, 
F (2, 32) 27179, p « .001, and conflict 
level, F (4, 64) = 1727, p < .001, were sig- 
nificant. The main effect of experience was 
not significant. All interactions were signifi 
cant at p < .001 except Diagnosticity —_ 
X Experience, which was significant 4 
p < .01. 

A second dependent variable was. also 
examined: the number of times S assign’ 
his highest posterior probability estimate " 
the hypothesis that actually generated " 
sample. Since S did not actually choose E 
single hypothesis as correct, this measure id 
merely an estimate of how often he wot 


have been correct if he had been required t? 
choose one and had behaved in accordanc? 
with his probability vector. Thus, this me? 

sure indicates how large an effect conflict 


2.0 Sample DiagnosticitY | 
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Accurocy Ratio 
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Fic. 2. Means and 95% confidence intervals 
for experienced Ss. 
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might have in a situation where S simply 
chooses the hypothesis he believes generated 
the data sample. 
, The mean number of correct endorsements 
In each condition is presented in Fig. 3 and 4. 
Sample diagnosticity had a marked effect on 
this variable, With two exceptions, the 
means are ordered with high diagnosticity 
associated with more correct endorsements 
than low, The analysis of variance for cor- 
rect endorsements indicated that the main 
effects of diagnosticity level, F (2, 32) — 
349, P < .001, and conflict level, F (4, 64) 
= 129, p < .001, were significant, while that 
9f experience was not, F (1, 16) 2.58, p > 
| All interactions except Conflict Level 
lagnosticity Level were also significant. 
Su e most striking result is the overall 
Periority of naive Ss over experienced Ss. 
Vhile the expected effect of higher sample 
ey being associated with lower AR 
And ound for both groups of Ss, the effect 
Significantly less pronounced for naive 
S, as shown by the significant Diagnosticity 
x Experience interaction, F (2, 32) 
< .01. This result would indicate 
Weight: naive Ss were more appropriately 
Ama d the total impact of the sample o 
‘an the experienced Ss. E 
ie alve Ss were also superior in handling 
o LUKE of conflict used. Whereas the AR 
mal alve Ss remained stable and close to opti- 
bet across conflict levels, experienced Ss 
confine generally less optimal with higher 
interact; The Conflict Level x Experience 
hifica lon indicates that this effect was sig- 
te nb P (4, 64) — 1143, p < 001. In 
755 of the mean number of correct implied 
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Fic. 4. Mean number of correct endorsements 
for experienced Ss. 


endorsements, conflict level again had a 
marked effect on experienced Ss’ behavior 
and little effect upon naive Ss’ behavior. At 
lower levels of conflict, experienced Ss 
seemed to perform somewhat better than 
naive Ss, but as conflict level increased, ex- 
perienced Ss rapidly lost this advantage. 
Again, this effect was significant as indicated 
by the Conflict Level x Experience interac- 
tion, F (4, 64) = 8.47, p « .001. 

The prediction that the overall perform- 
ance of experienced Ss would be superior to 
that of naive Ss due to a positive general 
transfer of training from previous inferential 
tasks was not supported. A possible ex- 
planation for the superior performance of 
naive Ss is that a negative specific transfer 
occurred for experienced Ss. Rather than a 
transfer of an appropriate general inference 
behavior such as an intuitive knowledge of 
Bayes’ theorem, what may have occurred is 
the inappropriate transfer of specific re- 
sponse tendencies. If this explanation is 
valid, much of the research which has been 
carried out using experienced Ss must be 
evaluated in terms of the specific characteris- 
tics of the task used to train Ss. Clearly, it 
is of importance to specify the procedure for 
training decision makers if one wishes to 
generalize experimental results. 

The direct relationship found between con- 
servatism and conflict for experienced Ss 
could be attributed to an inference behavior 
in which S gives some constant weight to a 
datum regardless of its I. He might per- 
ceive the size of the L inappropriately by 
attaching too great an importance to the 
number of data favoring each hypothesis and 
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too little importance to the weighting of each 
datum. 

The present results indicate several im- 
portant considerations for the use of man as 
a decision maker. It would seem to be of 
some importance to know generally how 
diagnostic the evidence toward a certain 
hypothesis is likely to be in the decision- 
making situations that he will be called on 
to face. Man seems to be only slightly con- 
servative when a sample of data indicates the 
truth of a hypothesis to only a moderate de- 
gree. When data are highly diagnostic, man 
appears considerably less optimal. Second, 
it is important to know the amount of con- 
flict likely to be encountered in a sample of 
evidence. The present results indicate that 
man may place too much emphasis on the 
number of supporting data and too little 
upon the appropriate impact of cach datum. 
"Third, type of training for a decision maker 
seems to affect the kind of decisions he will 
make. Whenever possible, the training task 
for decision makers should incorporate 


MARTIN 
| 
parameters constrained to ranges likely to bej 
encountered in actual decisions. | 
| 
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PERCEPTION OF THE TWO-PRONGED TRIDENT BY 


TWO- AND THREE-DIMENSIONAL PERCEIVERS 


J. B. DEREGOWSKI ! 


Institute for Social Rescarch, University of Zambia, Lusaka 


The Ss were categorized as either two-dimensional (2D) or three-dimen- 
sional (3D) perceivers depending on whether they built a 2D or a 3D model 
in response to a drawing. An hypothesis that there would be no difference 
between the two groups when asked to copy an "impossible" figure under 
conditions requiring little short-term memory storage, but that the 3D group 
would find the task more difficult if such storage was required was investi- 
gated and confirmed. No confirmation was obtained for another hypothesis 
that the absence of background would make the task of copying the impossible 
figure more difficult. The results suggest that the quality of a reproduc- 
tion cannot be used as an indicator of presence or absence of 3D pictorial 
perception and confirm that the difficulties in interpretation of pictorial 


depth cues are experienced by some Ss. 


"es Ss drawn from certain cultural groups 
Nave difficulties with three-dimensional 
ama Ption of pictorial material should not 
1966) e "impossible" figures (Gregory, 
arise confusing, for the confusion only 
of ie if one attempts to interpret a pattern 
obj mes as depicting a three-dimensional 
a When such an attempt is not made, 
is attern of lines should be accepted as sat- 
task ory.  Deregowski (1968b) used the 
Sk of Copying a two-pronged trident (the 
cereale used being similar to that de- 
de ed subsequently) in his experiment into 
de Perception in Zambian children, and 
ne Tesults obtained supported the afore- 
Pie i hypothesis. However, his subse- 
dem replications suggested that Ss per 
trident the task may find the two-pronge 
tw nt confusing only if a delay occurs be- 
ied the examination of the drawing and 
abl, beginning of reproduction by S, a vaii 
ex S that was not considered in the origina 
gi eet Such a suggestion gains sup- 
Wl from Attneave's (1955) experiment, 
rein it was found that for the same infor- 


Mat € 
me content, a delayed reproduction 
Te Sd much greater divergence between 

1 stimuli 


th Ponses to random and symmetrica 1 
lid immediate reproduction. That is, 
Ce nie that were difficult to organize per- 
Ptually were also found to be harder to re- 
1 


De Requests for reprints should be sent to J. B. 
Ah, FOWski, who is now at the University of 


erde, 
deen, Aberdeen, Scotland. 


Stim, 


produce ; and this difficulty increased with the 
time interval separating presentation from 
reproduction. 

It has been suggested (Maistriaux, no 
date; Deregowski, 1968b) that the presence 
of background may be a contributory factor 
to the difficulties of pictorial perception. As- 
suming that the presence of a background, 
which does not incorporate additional depth 
cues, tends to make two-dimensional percep- 
tion more probable, one would expect its re- 
moval to lead to three-dimensional percep- 
tion and hence to greater confusion when the 
stimuli represent “impossible” figures. 

The following hypotheses were therefore 
postulated : 

Hypothesis 1. There will be a significant 
difference between two-dimensional (2D) 
and three-dimensional (3D) Ss when copy- 
ing a two-pronged trident only when a period 
of delay between inspection of the stimulus 
and drawing response is introduced. The 
3D Ss will be found to have greater diffi- 
culties. 

Hypothesis 2. The difficulties of Ss re- 
sponding to the confusing figure will be 
greater when no stimulus background is 
visible than when such background is visible, 


METHOD 


Experimental Plan 


Each S was classified as a 2D or a 3D per- 
ceiver on the basis of his response to the con- 
struction tasks. He was subsequently allocated 
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to one of the four possible combinations of the 
following experimental conditions: duration of 
delay (.1 or 10.0 sec.) with either the luminous 
models or the drawings being used as stimuli. 


Construction Tasks 


Materials—The following materials were pro- 
vided for all tasks involving construction: 14 
plasticine balls, 4-in. diameter; bamboo splints 
varying in length by l-in. steps from 23 in. to 
73 in. and forming six sets of 12 splints each, the 
splints within each set being equally long. 

A preliminary construction task was used to 
introduce S to the construction materials provided. 
A tetrahedron consisting of four plasticine balls 
connected by six 7-in. bamboo splints was placed 
on a table in front of S. The model was pointed 
out to S, and he was requested to build a “thing” 
like it using wood and “clay” (plasticine), which 
were also pointed out to him. When S had indi- 
cated that he had completed his model, it was 
taken to pieces and S was given his first test task. 


Construction Test 


Materials.—The construction materials previously 
described were used with a set of drawings (see 
Fig. 1) that were intended to embody the following 
depth cues: (i) overlap, (ii) size difference, and 
(iii) size difference and overlap. 

Procedure.—The drawings were presented verti- 
cally in the aforementioned sequence in front of 
S, who was instructed: "I want you to build what 
you see on the picture.” Any further inquiries were 
met with: "Just as you see on the picture" When 
S indicated that he had completed his model, E 
judged this model to be 2D or 3D, recorded his 
judgments, and made a sketch of the model. 
The model was then taken to pieces and the next 
drawing was presented with the same instructions. 

The criteria for 3D and 2D judgments were as 
follows: A response was judged to be 3D ií all 
the members did not lie in parallel or nearly 
parallel planes separated by a distance not exceed- 
ing 4 in.; all other responses were classified as 
being 2D. No difficulty was experienced in apply- 
ing this criterion as no models fell within the 
borderline region. 


Any S who made a 3D response to all three 
drawings was classified as a 3D S; all other Ss 
were classified as 2D. 


Drawing Task 


Materials—The apparatus was placed in two 
neighboring cubicles having an interconnecting 
window. One of the cubicles was used to display 
the stimuli while Ss sat in the other. The Ss 
could see the displayed stimulus by lifting a 13 X 8 
in. flap in the screen obscuring the window. Lift- 
ing of the flap started a stop clock (Spencer, 1965) 
that measured the duration for which the window 
was uncovered in .l-sec. units. Closure of the 
flap started a Birkbeck timer, which, depending On 
the setting used, produced an auditory signal either 
.l sec. or 10.0 sec. after closure. The display 
cubicle contained either three flat wire models 
painted with paint which reradiated ultraviolet light 
in visible spectrum and an ultraviolet light source 
or a set of three drawings (see Fig. 2) illuminate 
by an ordinary incandescent lamp, The models 
glowed orange-yellow when exposed to ultraviolet 
light in the otherwise dark cubicle. The drawing 
which were of the same size and shape as the 
models, were drawn on white cardboard in India 
ink. Both drawings and the models were suspende 
in a triangular formation, the introductory stimulus 
(see Fig. 2a) being above the other two stimuli. 
The two-pronged trident hung to the left of the 
trident. A set of cardboard screens enabled any 
desired stimulus to be exposed at any time. 

Procedure.—Each S was shown first how the fla? 
could be lifted. Then he was given a sheet ° 
foolscap paper and a ball-point pen and asked t° 
draw what he saw through the window, the «Hi 
troductory model being on display. He was tol 
that he could lift the flap as often as he wished an 
look at the stimulus for as long as he wished, ba 
that he must not draw while the flap was open at? 
must wait for the signal (this was demonstrated) l 
before beginning to draw. During this task, 2DY | 
misunderstandings (such as the tendency of some 
Ss who responded to drawings to draw the screen? 
concealing the other stimuli) were resolved. Sub- 
sequently, the introductory stimulus was covere% 
one of the other stimuli was displayed, and 


Fic. 1. Construction test stimuli, 
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Drawing task stimuli. 
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Was asked to draw it. The order of the test 
stimuli was alternated so that half of the Ss within 
cach group responded to each of the two pos- 
Sible Sequences, 3 

5$ Soon as S indicated that he considered his 
drawing to be finished, the total time he kept the 


aD open was recorded. 

tt Subjects.—Sixty-seven boys were drawn from 
Ne third and fourth grades of two non-fee-paying 
primary schools in Lusaka. The sample character 
stics, which excluded 3 rejected Ss, were: 
spe 4 Ss, 34 Grade 3 Ss; mean age=107 » 
Ss 19. The age parameters are based on 

' 35 1 S did not know his age. 


RESULTS 


Three Sy had to be rejected, two because, 
: ntrary to the instructions, they included 
relevant material in the test reproductions 
ue the third because he constructed tetra- 
ve ra (a type of response appropriate to the 

Toductory construction task) in response 
Ti all three of the construction test drawings 
T mean durations of inspection times e the 
wen Ptable Ss are given in Table 1. Thess 
Fe not used directly in the analysis o 
Shee’ instead, for each S a ratio of the er 
$ between the time spent looking at the 
in » Pronged trident and the time spent look- 
Wa, 3t the trident to the sum of these times 
C; calculated. This was termed coefficient 
W a was done to reduce inter-S differences, 

might have roots in the differences in 
Y to draw and in the standard of perfec- 


Co; 


C] 
biz 


tion aimed at. The higher the value of this 
coefficient, the more difficult does S find the 
copying of the confusing figure. 

These ratios (for mean values, see Table 
1) were used in an analysis of variance. 
The only main effect approaching signifi- 
cance is the delay between the closing of the 
flap and the signal to draw, F (1, 56) — 3.20, 
P «.10. The second-level interaction is 
nonsignificant, but one of the first-level inter- 
actions, that between the category of the Ss 
and the duration of delay, is F (1, 56) — 
5.75, p < .025. — Tukey's tests, therefore, 
were applied, and it was found that for both 
background conditions, there exist signifi- 
cant differences in the predicted directions 
between the responses of 3D Ss in .1-sec. 
and 10.0-sec. delay conditions (p < .01 for 
nonbackground conditions; p < .05 for back- 
ground conditions), as well as between the 
responses of 2D Ss and 3D Ss in 10.0-sec. 
delay conditions (p < .05). These relation- 
ships find confirmation in the comparison 
of the frequencies with which the respond- 
ers in the combined background and non- 
background groups fell into two categories, 
those supporting the postulated hypothesis 
and those failing to support it. Application 
of Fisher's exact test to the data ( see Table 
1) yields significant results both in the case 
of the comparison of the responses of 3D 
Ss with those of 2D Ss in 10.0-sec. delay 
conditions (p < .01) and in the case of the 
comparison of the 3D Ss' responses in .1-sec. 
and 10.0-sec. conditions (p < .025). 

There is also a single statistically signifi- 
cant difference (Tukey’s test, p < .05) in the 
.1-sec. delay condition. This is the difference 
between the two nonbackground groups, the 
2D group having a higher coefficient C value 
than the 3D group. 

Three independent judges allocated draw- 
ings obtained in response to each of the ex- 
perimental stimuli into three categories: 
good, indifferent, and bad. The data thus 
gained were used for the following compari- 
sons: (a) Within each judge/stimulus com- 
bination, the frequency of the response of the 
3D Ss was compared with that of the 2D Ss. 
In no case did the difference approach sta- 


tistical significance. (b) Those “bad” copies 


12 


J. B. DEREGOWSKI 


TABLE 1 
SUMMARY OF OBTAINED Data 
-l-sec. delay 10.0-sec. delay 
Type of Data 
B No background Background | No background Background 
2D Raw scores (in sec.) B 
Mean values for TPT 18.5 21.4 28.6 41.2 | 
Mean values for T 1.5 27.1 30.4 44.20 | 
Coefficient C ( M) .703 —.350 —.015 —.175 
No. of Ss taking longer to copy TPT 5 3 3 2 
No. of other Ss | 3 5 5 6 
3D Raw scores (in sec.) i 
Mean values for TPT | 13.7 17.7 | 22.1 26.0 
| . Mean values for T 16.2 19.4 | 17.0 21.0 
Coefficient C ( M) —.650 —.333 1.568 1.183 
No. of Ss taking longer to copy TPT 3 3 | 6 7 
No. of other Ss 5 | 5 2 1 


Note.—TPT = two-pronged trident figure; T = trident figure. 


of the confusing drawing on which all three 
judges agreed were analyzed to see whether 
the difference between the number of 2D 
and 3D responders within the category dif- 
fered from chance. It was found that the 
category contained 15 2D and 15 3D Ss. 
The other categories were too small to permit 
such analysis. 


DISCUSSION 


The results support the first hypothesis. It 
seems that when very little retention is re- 
quired, Ss from both populations experience no 
special difficulties with the two-pronged trident. 
However. when Ss are required to remember 
the stimuli, even for a relatively short time, the 
3D Ss, who presumably find the two-pronged 
trident confusing, find its reproduction signifi- 
cantly more difficult than do the 2D Ss. This 
suggests that depth perception once acquired 
cannot be easily suppressed, for if it could, the 
3D Ss would have probably taken advantage of 
this. As a further support for the previous sug- 
gestion can be adduced the absence of 2D/3D 
borderline responses in the construction task, 
which was observed both here and previously 
(Deregowski, 1968a, 1968b), as well as the 
consistency of Ss in making one of the two 
possible types of response. Thus of the 64 Ss 
tested, only 6 gave responses that were not 
cither all 3D or all 2D. 

It must be noted that the 2D/3D dichotomiza- 
tion used here is not synonymous with the divi- 
sion of Ss that can he arrived at on the basis 
of Hudson's (1960, 1967) test, for it has heen 
shown (Deregowski. 1968a, 1968b) that the 


construction test differs from Hudson's test bY 
evoking a larger number of 3D responses. An i 
this sense, therefore, pictorial depth perceptio? 
is not a yes/no phenomenon; Hudson's test pic 
tures, which are meaningful representations Ea 
a hunting scene, are, however, of an entirely | 
different nature from the stimuli used here | 
It is difficult, therefore, to say to what exte” 
the two tests sample the same phenomena. 

Insofar as the construction test and 
drawing task employed here reinforce cac" 
other, the results suggest that a proportion 0 
the population sampled is incapable of percei” 
ing depth in simple geometrical figures. t 

The second hypothesis did not gain suppor 
from the data. In the case of the stimuli env 
ployed, the background appears to play no sig 
nificant part in perception of the stimuli usc 
It may be, however, that it is of consequence in 
a different type of pictures. 

It appears that the drawings of the 3D Se 
do not differ significantly from those obtaine 
from the 2D Ss and hence that the quality ° 
reproduction is not affected by the percept 
style of S. Given sufficient time, both group” 
are capable of producing drawings of con 
parable quality. , 

Examination of the drawings reveals a larg 
range of accuracy of representation extendif? 
from correct copy to a highly impressionist! 
depiction of the trident representing an obje 
with as many as six prongs. These fantast y 
distortions probably correspond to similar d 
tortions in response to the construction 25; 
observed both here and previously (Derego e 
ski, 1968a, 1968b). Further. the drawings ae 
frequently both oddly oriented (the trident e 
often rotated through 90°) and oddly plat 


the 
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relative to the sheet on which they were drawn. 
This is probably the same phenomenon described 
by Hudson (1962, 1967) and not specially re- 
lated to the task used here. 
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RECALL FOR ORDER AND CONTENT OF SERIAL | 
WORD LISTS IN SHORT-TERM MEMORY' 


ALFRED H. FUCHS? 
Bowdoin College 


The role of serial order in recall was studied with the use of an order cue to 
test for recall of words at each of five serial positions. 
received one, two, or three presentations, and recall was tested after 4, 8, or 
Analyses of errors revealed that order errors could be separated from 
errors of content primarily because the former showed a scrial position effect, | 
while the latter did not. Order is an aspect of a stimulus series that may | 
serve as a means of organizing content in memory. 


16 sec. 


Ordered recall of serially presented items 


may result in the correct recall of items in, 


a partly or wholly incorrect sequence. The 
problem of assessing the independent effects 
of item and order information in recall is 
difficult (Brown, 1958; Crossman, 1960); 
"if any item information is lost then the as- 
sessment of order information cannot be 
made at all because the only data on which 
it can be based will have gone [Conrad, 
1959, p. 352].” The conditions under which 
the loss of order information can be assessed 
are those that result in the correct recall of 
items in a transposed sequence. Because 
transposition errors in letter series were 
more probable when acoustically similar let- 
ters were in adjacent positions, Conrad 
(1965) argued that it was both unnecessary 
and untenable to assume the independence 
of content and order information in deter- 
mining such errors. The basis of trans- 
position errors was thus assumed to be a 
failure to discriminate among similar items 
during recall, with acoustically similar let- 
ters in adjacent positions transposing more 
readily and providing spurious evidence of 
order error. 


+ An earlier version of this paper was presented 
at the meeting of the New Zealand Psychological 
Society, Auckland, August 1968. The research was 
supported in part by Grant GF. 2903 from the Na- 
tional Science Foundation. This report was pre- 
pared while the author served as visiting professor 
at the Victoria University of Wellington, New 
Zealand; the author is grateful to the Department 
of Psychology for aid in the preparation of the 
figures and is indebted to L. B. Brown for critical 
and helpful discussions of the manuscript. 

? Requests for reprints should be sent to Alfred 
H. Fuchs, Department of Psychology, Bowdoin 
College, Brunswick, Maine 04011. 
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Word strings 


However, long-term memory (LTM) re- 
search contains evidence of intrusions from 
previous lists (e.g., Melton & von Lackum, | 
1941). Similar errors have been observed 
in repeated tests of immediate memory 
(Conrad, 1959) and in short-term memory 
(STM) (Fuchs & Melton, 1964). In these 
experiments, elements that appeared in 2 
particular serial position as a stimulus 
tended to occur as intrusions in a subse- 
quent list, if they occurred at all, in thé 
same serial position. This evidence sus“ 
gests that order is an aspect of an element 
in memory that can serve as a dimension ° 
similarity among elements and influence T€ 
call error. Therefore, it may be premature 
to assume that order error is simply an art! 
fact of item error. " 

The present study was designed to i” | 
vestigate serial order through the use of ? 
probe test for recall of single words from ? i 
string of five words. Words were chose! | 
because their uniqueness would permit the 
tracing of errors across word groups, an 
five-word strings were used to approach thé 
limit of the memory span. Frequency ° 
presentation was chosen as a within-group 
variable since previous research (Fuchs A 
Melton, 1964) had shown that serial pos! - 
tion intrusions were more likely to appe? | 
in strings presented only once but to deriv? 
from prior strings which had been present? 
more frequently. 


METHOD 


Apparatus—A 1-ft. square, ground-glass scree 
was mounted in a plywood sheet (about 3 X 4 ades 
fastened at right angles to a table top. E 
Were projected from behind; S'sat approxima! 
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4 ft. from the screen. Hidden from S's view were 
the Kodak Carousel slide projector, a Gerbrands 
voice key and Hunter Klockounter for obtaining 
recall latencies? and a Gerbrands VI timer for 
Programming the slides and starting the Kloc- 
kounter, Tape-recorded white noise was played 
through earphones to S to mask apparatus noise 
during the experiment. 

Subjects—The Ss were 49 male, paid, senior 
students. Three were dropped because of appa- 
Tatus failures during their experimental session, 
and one was eliminated for failing to follow in- 
structions. 

Stimuli—The stimuli employed were 250 four- 
letter English nouns. No words beginning with 

, U, or X were used, and all words were selected 
from the Thorndike-Lorge (1944) word count 
Within the range of 1-100 occurrences per million. 
The words selected were monosyllabic and as non- 
homophonic as possible. 

The stimulus words were arranged into strings 
of five words, with the following restrictions: (a) 

© two words of the group had the same first 
letter; (b) no word began with the letter with 
Which the previous word ended; (c) obviously 
Meaningful combinations of words were eliminated, 
CS. BARN poor or BITE MEAT. The words were 
Originally selected and employed for a similar 
purpose by Noyd (1964) and were those used by 

“uchs and Melton (1964). 

rocedure.—Instructions were tape-recorded and 
Played to § via earphones; S was told that the 
experiment was concerned with memory for words 
and "information processing" (counting back- 
ad) It was hoped that this emphasis on the 
pus of backward counting would encourage, S to 
i fat this task seriously to minimize rehearsal dur- 

"E the retention interval, The S was instructed 
i Tead the stimulus words aloud as often as they 
*ePeared, to count backward aloud by threes from 
teca i] 168 digit number when it pair? T i 
th as quickly and accurately as possible wher 

£ relevant cue appeared. 
in E first slide contained five words arranged 
es Stair-step” fashion from the upper re 
Word - the lower right corner of the slide. Pach 

ort Was positioned in the space between 2-m. 
ject tal lines drawn on the ground-glass pro. 
ew lon screen. Stimulus slides appeared for 4 
we? Were presented one, two, or three times, arx 

ere followed by a slide containing a three-digit 

i to initiate backward counting for the 

tion of the retention interval. 
Spa e recall cue was an asterisk in one of the 
čes in which the words had been positioned on 
thay teen. The task for S was to recall the yes 
had Occupied that space. The duration of the 


*L A A 

atency data may be obtained in a mimeo- 
y be 

ie Phed report from the author; these data sup- 

ae the error data and their interpretation, 

in the interests of space are not reported here. 


recall slide was 8 sec., which was followed by a 
4-sec. “rest” slide containing a matrix pattern. 

Experimental design—There were three experi- 
mental groups, differentiated by the length of the 
retention interval for each (4, 8, or 16 sec.). As- 
signment of Ss to groups was done according to a 
prearranged sequence, with each group receiving 
5 Ss, randomly assigned, of each 15 who appeared 
until each group was complete. Within-group 
variables included frequency of presentation and 
the serial position tested on any trial. 

Within each block of 15 trials, there was 1 trial 
for each of the three presentation frequencies com- 
bined with each of the five serial positions. The 
sequence of trials was randomized within trial 
blocks of 15; each group of Ss received the same 
sequence of trials. A total of 50 trials was pre- 
sented; the first 5, unknown to S, were practice 
trials in which each serial position was tested once. 
Accuracy and speed of recall were recorded by E 


on each trial. 


RESULTS 


Correct recall—Each of the five serial 
positions was tested three times under each 
presentation condition; the basic datum per 
S was therefore a score from 0 to 3. An 
analysis of variance of the correct recall data 
showed that effects of retention interval 
(groups), F (2, 42) = 7.04, presentation 
frequency, F (2, 84) = 12271, and serial 
position, F (4, 168) = 36.30, were statisti- 
cally significant (p < .01). The only sig- 
nificant interaction among these variables 
(p < .01) was the Presentation Frequency 
X Serial Position interaction, F (8, 336) = 
10.60; the others were not significant (5 > 
.10). Summarized across retention inter- 
vals of 4, 8, and 16 sec., total correct were 
430, 336, and 327, respectively, of a total 
possible correct at each interval of 675 (15 
Ss X 45 trials). 

The distribution of correct responses 
across serial positions for each of the pres- 
entation frequencies for each retention inter- 
yal is shown in Fig. 1. The largest decrease 
in correct recall is between 4 and 8 sec.; at 
each retention interval there are large dif- 
ferences attributable to the effects of repeti- 
tions. Serial Position 5 shows dramatic im- 
provements at each retention interval when 
presentations are increased from 1 to 2, with 
relatively little change from 2 to 3. Serial 
Position 1, on the other hand, remains rela- 
tively constant over increased presentation 
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frequencies. The possibility that the con- 
stancy of recall at Serial Position 1 was the 
source of the significant interaction was 
tested by a second analysis of variance with 
Serial Position 1 data omitted; the inter- 
action was still significant, F (6, 252) = 
5.14, p < .0l, and indicates that the rates 
of improvement in recall at each of the serial 
positions differ as presentations are in- 
creased. That presentation frequency and 
serial position do not interact with reten- 
tion interval suggests that the effects of 
the latter are to reduce the magnitudes of 
the frequencies correct at each serial posi- 
tion and presentation frequency with rela- 
tive uniformity as the retention interval is 
lengthened. 

Errors.—The incorrect responses were 
sorted into four error types: (a) order er- 
rors, which consisted of words intruded 
from a serial position within a five-word 
string in place of the word from the position 
being tested; (b) intrusions from a previ- 
ous list, which were words from a preceding 
five-word string intruded as errors in recall 
of a subsequent string; (c) extralist intru- 
sions, which constituted intruded words not 
employed in the experiment; and (d) omis- 
sions, which included both “don’t know" 
and failures to respond within the 8-sec. 
recall period. Order errors were most fre- 


4 Sec. Retention Interval 


8 Sec.Retention Interval 
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quent and accounted for 521, or 55.9% of 
all errors; omissions numbered 184, or 
19.7% ; intrusions from previous lists were 
152, or 16.3%; and extralist errors num- 
bered 75, or 8.0%. The last two categories 
of errors are comparable to Conrad's (1959) 
serial order error and substitution error. 
Since an analysis of total error frequen- 
cies would have duplicated that for the cor- 
rect responses, separate analyses were car- 
ried out for (a) order errors and (b) all 
others. The analysis of variance for order 
errors revealed the same pattern as that for 
the correct response data: presentation fre- 
quency, F (2, 84) — 5.82, serial position, 
F (4, 168) = 26.30, and their interaction, 
F (8, 336) = 271, were all significant (f € 
01); but retention interval was not statis- 
tically significant, F (2, 42) = 1.16, p > .10. 
The immediate consequence of this failure 
to reject the null hypothesis was to permit 
the data to be summarized across retention 
interval. These data are plotted in Fig. 2; 
which shows the percentage of responses 
from each serial position as a function of the 
serial position under test for each presenta- 
tion frequency. The percentages were cal- 
culated by constructing a matrix of the serial 
positions of responses (rows) and the serial 
positions under test (columns), summing 
the total responses for columns (serial posi- 
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Fic. 2. Percentage of responses emitted from each serial position as a function of 
the serial position tested for each presentation frequency. 


tion tested), and dividing each cell fre- 
i QC in that column by the column total 
each tain the percentage of responses from 
Serial Serial position emitted when a given 
Cury Position was tested. Thus, the solid 
Prese, representing Serial Position 1 with a 
all + ntation frequency of 1 reveals that, of 
esPonses emitted when Serial Position 
E tested, 86.4% were words correctly 
Son from Serial Position 1, 3.696 were 
Words pu Serial Position 2, 3.6% were 
erial pom Serial Position 3, 4.5% from 
osig Osition 4, and 1.8% from Serial 
t 8. Clearly, when Serial Position 
free tested, the probability of getting the 
quaj. Word was high, with the errors about 
Sep." distributed across the remaining 
tio al Positions. The curve for Serial Posi- 
responses remains relatively constant 

he presentation frequencies. The 
Serial Position 5 is analogous ex- 
Pondi the large increase in correct re- 
from 1 as presentations were increased 
to 2. 

€ curves for the remaining serial posi- 
rer rome increasingly leptokurtic with 
ased presentations because correct re- 


Te 


tio 
Ine, 


sponses become more frequent and errors 
more distal to the position tested become less 
frequent than responses proximal to the 
position under test. This suggests that re- 
call improves as a function of increased 
stimulus presentations because of improved 
learning of the sequence of words. Location 
information of words in the middle is learned 
more slowly, but for all positions, errors 
from distal positions are more rapidly elimi- 
nated than errors from adjacent positions. 
The remaining errors (omissions, extra- 
list, and intrusions from previous lists) were 
pooled and subjected to an analysis of vari- 
ance; unlike the result for order errors, re- 
tention interval was again significant, F (2, 
42) — 9.11, p < .01, and like both previous 
analyses, presentation frequency, F (2, 84) 
— 7.25, serial position, F (4, 168) = 24.9, 
and their interaction, F (8, 336) — 478, 
were statistically significant (p < .01). 
The legitimacy of grouping all these er- 
rors together and treating them as a ho. 
mogeneous group might be questioned; to 
treat each separately would have been dif- 
ficult because of the number of empty cells 
due to correct responses and order errors, 
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As the results suggest, however, the simi- 
larities among these errors would seem, for 
present purposes, to outweigh possible dif- 
ferences. 

The first characteristic of these errors is 
their increase with increased retention in- 
terval; Fig. 3 shows that these errors are 
relatively homogeneous with respect to this 
variable. The summary curve can be con- 
trasted with the curve for order errors; both 
increase from 4 to 8 sec., but order errors 
show a decrease from 8 to 16 sec., while 
nonorder errors continue to increase. This 
shift in error type as a function of retention 
interval length may provide indirect evi- 
dence for a change in response criteria 
(Murdock, 1966). 

The relations of presentation frequency 
and serial position to these errors are some- 
what different than for order error. Of 
particular interest are the intrusions from 
previous lists; prior results suggest that in- 
trusions of a previously presented word will 
occur in the same serial position the word 
had occupied when it was a member of a 
stimulus string. The relationship of the 
serial position of the intruded word (error) 
when it was a member of a stimulus string 
and the position in which it appeared as an 
error is shown in Table 1. 

The error frequencies show no serial po- 
sition effect, except that Position 4 contains 
the largest number of errors. The distribu- 
tion of the errors in Table 1 roughly con- 
forms to the expectation that the initial po- 
sition of a word is related to where it will 
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TABLE 1 


FREQUENCY OF SERIAL POSITION Errors IN Re- 
LATION TO THE SERIAL POSITION OF A WORD IN 
A SOURCE STRING AND ITs OCCURRENCE AS AN 
ERROR IN A SUBSEQUENT TEST OF A 
DIFFERENT STRING 


Serial position tested 


Serial 

position 

in source | 1 2 | 3 | 4 5 
1 18 4 4 8 2 
2 5 7 3 5 7 
3 3 8 8 4 5 
4 1 5 12 16 3 
5 1 1 2 6 14 


be subsequently intruded. Serial Positions 
1, 4, and 5 show this effect most clearly; th®, 
distribution of responses across Position ° 
shows a maximum concentration at Post, 
tions 3 and 4, while intrusions at Position 
are more evenly derived from Positions ^ 
3, and 4. m 
The number of repetitions given the stin 
ulus from which an intrusion derived Ri 
obtained for each intrusion from a previo 
list; 31, 53, and 68 intrusions came be 
stimulus strings presented one, two, or n 
times, respectively. Intrusion frequency | of 
not vary systematically with serial positi? 
The uniqueness of words as stimuli in t! 
regard, compared to the limited vocabula 
size of letters and numerals, made such | 
tabulation possible. When stimulus lists 
unequal presentation are to be recalled, | 
trusions from lists of greater presentatio”” 
are probable in lists of fewer presentatio® 
The position of an intrusion will depend of 
its position in the list from which it come 
Such errors may derive from LTM (Cra 
1968) or may represent evidence for prj 
active inhibition (Keppel & Underwo?^ 
1962). call 
The occurrence of intrusions from send 
lists combined with omissions and extrab 
intrusions across serial positions for ©, 
frequency of repetition is shown in Fig of 
The clear serial position effect, apparent ;, 
order errors in Fig. 2, is absent here; if 
thermore, the relatively dramatic decreas’ 
errors with repetitions contributes he? d 
to the increase in correct responding ae 
in Fig. 1 and 2. The lack of the 5€ 
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position effect in Fig. 4 indicates that these 
errors are relatively independent of serial 
position and that the serial position effect is 
largely attributable to order errors, as 
shown in Fig. 2, although there is a strong 
Primacy effect evident in Fig. 4 at 1 presen- 
tation. 

“Good” versus “poor” subjects.—Conrad 
(1959) reported that Ss who make rela- 
tively few errors have a higher proportion 
of transposition errors than Ss who make 
„arge numbers of errors. The observation 
implies that “good” Ss recall the mnemonic 
Content but show order error, while “poor” 

S make content errors. In the present ex- 
Periment the Proportion of correct responses, 
Order errors, and other errors were deter- 
mined for the five Ss with the most errors 
and the five Ss with the least errors in each 
Stoup. The results are shown in Table 2. 

t all retention intervals and for all fre- 
quencies of Presentation, good Ss recall more 
words correctly than poor Ss, but the dif- 
«“rences become larger as retention interval 
mcreases, In all cases, as frequency of pres- 
entation increases, the proportion of order 
error decreases, except for poor Ss at 16 
Sec, for Whom increased presentations re- 
Sulted in increased order error responses. 


8 


8 


cy of Errop 
o © 


Frequen 


1 2 3 p 4 5. 
. Serial Positions 
is - Tested 


Distribution of nonorder errors as a func- 
tion of serial position tested. 


TABLE 2 


PERCENTAGE OF RESPONSES PER PRESENTATION 
FREQUENCY AMONG THREE CATEGORIES or RE- 
SPONSES FOR “GooD” AND “Poor” Ss IN 


Eacu Group 
Good Ss Poor Ss 
Presentation 
frequency 
1 2 3 1 2 3 
4 sec, 
Correct R 61.3 | 77.3 | 88.0 | 30.7 | 58.7 | 68.0 
Order errors | 16.0 | 10.7 | 5.3 | 41.3 | 28.0 | 22.7 
Other errors | 22.7 | 12.0 | 6.7 | 28.0 | 13.3] 9.3 
8 sec 
G tR 36.0 | 73.3 | 81.3 | 18.7 | 45.3 | 53.3 
Order error 33.3 | 12.0 | 12.0 | 42.7 | 38.7 | 33.3 
Other errors | 30.7 | 14.7 | 6.7 | 38.7 | 16.0 | 13.3 
: 16 sec 
Correct R 41.3 | 72.0| 80.0 | 22.7 | 32.0 | 45.3 
Order errors | 24.0 | 16.0 | 12.0 | 20.0 33.3 | 40.0 
Other errors | 34.7 | 12.0 | 8.0 | 57.3 | 34.7 | 14.7 


Good and poor Ss show comparable amounts 
of improvement with increased presenta- 
tions at all retention intervals for both order 
and other kinds of errors. 

The consistent differences between good 
and poor Ss in correct responding suggest 
that repetitions serve the two groups dif- 
ferently; good Ss, whose recall for content 
is initially high, learn order characteristics 
from repeated stimulus presentations, while 
poor Ss must use repetitions to learn other 
characteristics of the words to permit con- 
tent recall. Repetition helps good Ss “trade- 
off” order error for correct responses, while 
for poor Ss the effect is to reduce serial 
position intrusions and omissions and in- 
crease content recall, which increases both 
correct responses and order errors. At 4 
sec., e.g., the combined proportion of order 
error and correct responses for good Ss con- 
stitutes 77.3%, 88.0%, and 93.3% of the 
responses at each presentation frequency. 
(For an order error to occur, a response 
from another serial position in the five-word 
string under test must occur, thus implying 
that content, but not order, recall js possi- 
ble.) For the poor Ss in the same condi- 
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tion, order errors and correct responses 
provide 72.096, 86.776, and 90.796 of the 
total responses. Clearly, at the short inter- 
val, both groups recall comparable amounts 
of content; good Ss are characterized by a 
greater retention of order characteristics 
since the percentage of correct responses is 
consistently higher. The 8-sec. retention 
interval provides comparable data, while at 
16 sec., poor Ss show larger differences in 
correct recall and order errors, with con- 
siderable increase in other kinds of errors. 


Discussion 


The pattern of errors observed in the pres- 
ent experiment supports the view that order 
and content errors can be separated experi- 
mentally, With a spatial cue for recall, “order 
errors” were distributed in a bowed serial posi- 
tion curve. Order errors occur when content 
is available but order information has been 
poorly learned or forgotten. This is most ap- 
parent in the data for “good” and “poor” Ss; 
the total responses from within the five-word 
string were about equal for good and poor Ss, 
but a greater Proportion of these responses 
were given correctly (ie.., properly identified 
as having been in a particular serial position) 
by good Ss than by poor Ss, who made more 
order errors. The primary superiority of those 
with high Proportions of correct responses 
over those with low Proportions was not in the 
recall of content, but in the ordering of con- 
tent correctly. Increased Presentations helped 
poor Ss to learn content and good Ss to learn 
word sequences. The content and sequence of 
items in a series appear to be separable. 

Errors based on nonorder Or content loss 
have characteristics that are different from 
those of order errors, Nonorder errors (omis- 
sions, intrusions from previous lists, and extra- 
list. intrusions) appear to be invariant with 
serial position; such errors appeared most fre- 
quently during attempted recall of items from 
strings presented only once, and the intrusions 
from a previous list derived from strings pre- 
sented two or three times. When content is 
unavailable from the string under test, omis- 
sions, extralist intrusions, or intrusions from 
a previous list will result. These errors fail 
to show a serial position effect and increase 
with longer retention intervals, while order er- 
rors show a clear serial position effect and 
show no significant increase with longer re- 
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tention intervals. Intrusions from previous 
lists, while not order errors, show the effects 
of order. Order becomes the dimension mme 
helps determine the subsequent occurrence 0 
an intrusion in a subsequent list. d 
The equivalence of order errors, as define 
here, to transposition errors, as defined by pw 
rad (1959, 1965) and Murdock and vom uem 
(1967), is important to the evaluation of th 
role of order and content in recall errors. 
Murdock and vom Saal have shown that trans- 
position errors occur quite infrequently but Hs 
crease over retention intervals, and Conrad? 
(1959) data showed that good Ss make mor 
transposition errors than poor Ss. The pres 
€nt data are contrary to both previous results 
The discrepancy in findings may be attributes 
to specific differences in method or design o 
to the increase in content errors at 16 sec. in 
the present study which may have obscure 
order errors. The differences may also lie " 
the definition of order error. Explicit in Con 
rad's (1965) analysis is the assumption pa 
transpositions are distributed according tO pt 
serial position effect. Dimensions of acoust 
similarity may well account for transpositio" 
in letter sequences; that this effect is v 
probable in the middle of these sequences "^ 
gests that such errors are facilitated by diíficu A 
in ordering elements within the sequences. 
problem of interpretation suggests that 
analysis of transposition errors will prov 


only a partial answer to the problem of oF 
error. 


an 


ef 


Order errors show a serial position effect 
Order has been described as a dimension 5 
the stimuli that, given the prescribed task, p^ r, 
be learned as part of a stimulus series. h 
ments of a series have an ordinal position ; E 
learning of this characteristic of each eleme", 
is improved with increased presentations of t A 
stimulus sequence. In this view, order 55 4 
characteristic of sequentially organized stim 
that can serve as a dimension for classificati g 
and storage in memory. Turvey (1968) i 
pointed out in this regard that “the paucity o0 
demonstrable dimensions of storage is only it! 
apparent [p. 131]"; a dimension of simila i" 
based on semantic differential measures ( jd 
vey, 1968) and semantic relations among wd 
(Henley, Noyes, & Deese, 1968) has ?jf 
postulated to relieve the paucity. Serial o 
might usefully be considered another di™ y 
sion of storage, particularly since gener. E 
tion along an ordinal continuum has been ge 
gested as a basis for the serial position © 


ee 


ide | 
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(Schulz, 1955) and has been discussed as a 
fruitful basis from which to explore the serial 
Position effect in serial learning (Young, 
1968). Indeed, order influenced the position 
of intrusion errors from previous lists in the 
Present study. Table 1 shows that S frequently 
Provided a response that had appeared in or 
adjacent to the position under test when, pre- 
sumably, the correct response was unavailable. 
The assumption that the identification of the 
Ordinal position of an element in a sequence 
Provides the basis for the serial position effect 
's found in Feigenbaum and Simon's (1962) 
model of the serial position effect in list learn- 
ng. The first and last elements are assumed 
to be anchor points, with no prior or subse- 
ha elements, respectively; it is assumed that 
se characteristics are learned independently 
es remaining elements in the series, all of 
d ich have neighbors “before” and “after.” 
ap ieee status suggests, for the Present 
foe other words will be intruded in these 
tons with low probability and that words 
ed these positions will intrude for other 
ords im the sequence with low probability. 
he data of Fig. 2 support this interpretation 
the Positions 1 and 5 and show further that 
t © Intrusion pattern for words from the cen- 
FT of the list evidences a high degree of inter- 
ere mene. The basis for the interdependence, 
he by the higher intrusion rates after one 
well oe among Positions 2, 3, and 4, may 
whi le in generalization across these positions 
ich, because they lack the unique status of 
* end positions, more readily interfere with, 
more, p Confused with, one another. Further- 
erro, ; PPitions 2 and 4 evidence fewer order 
haps Intrusions from Positions 1 and 5, per- 
sition e of the relative uniqueness of these 
es n" and therefore show higher frequen- 
nt Correct recall than Position 3. 
th erms of the present data, it seems clear 
Ordinal position of sequentially presented 
li determines the kind and pattern of er- 
“trors related to content increase with 
ip interval and seem related to wc 
Vooq "e effects in STM (Keppel & Un = 
iti, 962), but are unrelated to the seria 
late, is effect; errors or order may be unre- 
Sleary to increases in retention interval, but are 
org related to the serial position effect. Tf 
"her; IS an aspect of incoming stimuli, the 
Se uc Al Stimulus for the spatial/temporal 
ture Me is still to be determined, i.e., the na- 
1963)" an order “tag” (Yntema & Trask, 


1S still unknown. 
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ATTENTIONAL PROCESSES ALONG A COMPOSITE STIMULUS 
CONTINUUM DURING FREE-OPERANT SUMMATION! 


STANLEY J. WEISS? 


American University 


Predictions from a composite-stimulus-continuum analysis of summation were 
explored. Fiverats were trained ona three-ply multiple schedule. Different 
variable-interval contingencies were associated with tone (T +L) and light 
(L + T), while simultaneous presentation of tone and light (T + L) signaled 
extinction (Sê). During compounding tests, all Ss summated to tone-plus- 
light absence (T + L), emitting more responses to this condition than to 
(T +D) and (L + T) conditions combined. These results establish the 
symmetry of the composite dimension postulated to underlie summation and 
indicate that the continuum extreme chosen as S^ determines that aspect of 
the composite discriminative stimulus controling responding. They are 
used further to relate summation to generalization peak shift and to prove that 
stimulus intensity dynamism is not involved in multimodal summation. 


Summation is observed when the simul- postulated composite continuum and its 
taneous presentation of two or more in- implications. Three conditions comprised 
dependently conditioned stimuli leads to a their training: tone and light, each inde- 
greater response than any component pendently associated with food reinforce- 
stimulus presented separately. Although ment, and the simultaneous absence of 
this phenomenon _has been empirically these two stimuli (T + L), signaling ex- 
established. (see Weiss, 1963, 1964), cus- tinction (S4). This design is presented in 
tomarily within a design that calls for the the top row of Table 1. The composite 
independent conditioning of stimuli from continuum extends from Tight out, no tone 


several modalities with extinction condi 
i > LT) thro indivi ta- 
tioned to the absence of these stimuli ae ugh the individual presen 


z 3 i tion of tone (T + L) or li L 4- T) to 
am Y dynamics have only been the liae ide Pa Fabi nas A 
E rie oa pn eque Los m binary analysis of the stimulus relations 
Tan M pts to define the between the discriminative stimuli (Ss) 
za : p B. sigs determining stimulus and S^ indicates that each SP contains an 
ong the composite stimulus di- S^ i 
g 4 $ element. B i E 
wee to underlie summation strongly nie (TI Dm Mica 
: ; aaa 
? ing, ita : 
dca T T Wolf (1963) performed (T j JE E m I T nm ait cs = 
nel: D E t ] mtrollin 5 
Audie het men Shoe aton sponding were those SP elements not also 
most multimodal pile A aie coincident with Sed la respectively. 
date, ahelet Thus summation was forthcoming to the 
their paradigms useful in describing the COMPOSIte stimulus composed entirely of 
elements unique to an SD function, which; 
ai Ne etsi de e ide fure a nate S° elements, was 
ic Hae further removed from S4 h 
> bas 2 on the postulate 
ublic Health continuum than either of the other test 
d Judith Roes for Stimuli. 
; n The composit i i 
Mei dr € "Pd E EasternPsycho- the on-off ae E Feeder 
, tive or conditioned stimuli, one continuum 
to Stanley Xtreme anchored to the all-off state, the 
American Other to all on. The Points between these 


continuum extremes are scaled with refer- 
22 
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ATTENTIONAL PROCESSES IN FREE-OPERANT SUMMATION 


TABLE 1 


SCHEMATIC REPRESENTATION OF TRAINING AND TEST CONDITIONS OF PREVIOUS AND PRESENT 
Two-MODALITY FREE-OPERANT-SUMMATION DESIGNS 


Light out, Tone Ligh " 
[e i i i no tone ght Tone and Light 
omposite stimulus continuum (TID (T4D 9? (L 4- T) (T +L) 
Design employed in previous two-modality Training 
free-operant-summation studies? [ | 
Sab Sb S:? Summation 
| obtained 
Test 
Design of present experiment Training -~ 
Summation S S,D S^ 
predicted | 
Test 


a Wolf, 1963; Weiss, 1964, 1968. " "ru 
* $5 = stimulus condition associated with extinction. 
°SP = stimulus associated with reinforcement. 


ence to the number of elements common to 
each. In the two-element continuum 
employed by Weiss (1964) and Wolf (1963), 
the continuum anchors would be (T 4- L) 
and (T + L), with the individual SPs con- 
taining one element of each anchor. Theirs 
was therefore a three-step composite con- 
tinuum, the number of points on any com- 
posite scale being equal to the number of 
independently conditioned SPs, or CSs, 
plus one, 

The present experiment tested the sym- 
metry of the two-element continuum de- 
Scribed for the Weiss (1964) and Wolf 
(1963) studies. When the locus of S^ is 
Teversed to the (T +L) continuum ex- 
treme, with the SPs maintained as (T + L) 
and (L +T), the elements of each SP 
controlling responding should be L and T, 
Tespectively. This derives from a mirror- 
Image analysis of those attentional pro- 
esses operating when S^ is (T + L). 

herefore, that composite condition com- 
Posed entirely of elements unique to an S 
unction, thereby lacking S^ elements and 

Us furthest removed from S^ on the com- 
Posite scale, is (T +L), or “stimulus 
“sence,” According to the composite-con- 
inum analysis of stimulus control operat- 
TÉ: Summation should occur to (T L). 

* design of the present experiment, pre- 


sented in the bottom row of Table 1, tested 
this prediction, which, if upheld, would 
reinforce the existence of the composite 
continuum postulated as well as its 
symmetry. 


METHOD 


Subjects. —Five naive adult male hooded rats, 
approximately 350 gm. at the start of deprivation, 
were trained and tested at 80% of their free feeding 
weight. 

Apparatus.—The operant training chamber mea- 
sured 8 in. high, 8$ in. long, and 7 in. wide. Its 
front and rear walls were aluminum, its side walls 
l-in. white translucent plastic, and its floor and 
ceiling 3-in. hardware cloth. A Gerbrands micro- 
switch bar, requiring approximately 15 gm. for 
depression, was located on the right side of the front 
wall, 22 in. above the floor. A feeder trough was 
on the left side of the front wall at floor level. An 
8-in. Quam 8CI2X-8 speaker was in an enclosure 
centered 8} in. above the training chamber. A 
6-in., 25-w., 120-v. General Electric showcase bulb 
was horizontally mounted 4 in. from the middle of 
each of the translucent side walls. These were en- 
closed in specially ventilated clear plastic cylinders 
to augment heat dissipation. The training chamber 
and its associated stimulus presentation devices 
were enclosed in a sound attenuation chamber de- 
scribed elsewhere (Weiss, in press). The tones used 
were inaudible outside this attenuation chest, 

'The 2,000-cps, approximately 95-db. tone em- 
ployed in training and testing was generated by a 
BRS AA-201 audio oscillator and amplified by a 
BRS AO-201 amplifier. The sound level measure- 
ment was taken with a General Radio Type 1565-A 
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sound level meter, Scale C, with the microphone 
located the ceiling of the training chamber 
parallel to the speaker. The ambient noise level, 
with the exhaust fan on, was approximately 80 db. 

The SP light intensity employed in training and 
testing was approximately 38 ftc. measured with a 
Honeywell Pentax 1°/21° photometer held 5 in. 
from, and aimed at, the chamber's side walls, with 
both showcase bulbs operating on 115 v. The 
training chamber was very dimly illuminated at all 
times by a shielded 7-w., 120-v. bulb operating at 
3 w. The houselight was too dim to activate the 
photometer, but allowed E to see S within the 
apparatus. 

Solid-state programming equipment was located 
in a room adjacent to that housing the training 
chamber.  Reinforcers were Noyes 
pellets. 

Procedure.—After magazine training and shaping, 
the terminal training contingency was gradually 
approximated. The three-ply multiple schedule 
contained discriminative stimulus (SP), associated 
variable-interval (VI) 30-sec. and VI 70-sec. com- 
ponents, plus an extinction (S4) period. ‘The SPs, 
averaging 3.5 min. but varying between presenta- 
tions within the limits of 2.5 and 4.5 min., were 


counterbalanced tone (T + L) and light (L + T). 
The operant was bar pressing. When a VI schedule 
was in effect, a reinforcement was produced by the 
first response that occurred an average of 30 or 70 
sec. after the previous reinforcement, depending on 
which schedule was in effect. The limits of the VI 
30-sec. schedule were 2 and 80 sec., of the VI 70-sec. 
schedule, 2 and 180 sec. These intervals were 
sequenced to keep the time until reinforcement 
availability, during any interval, independent of 
the preceding interval. 

The termination of each SP-associated rein- 
forcement component of the training schedule was 
followed by an S^ period correlated with the simul- 
taneous presentation of tone and light (T + L). 
This S^ required the cessation of bar pressing for a 
minimum time for one of the VI SPs to reappear. 
The no-response requirement was varied, within 
sessions, within the limits of 20 and 80 sec. The Ss 
were placed in the chamber with the S^ stimulus 
on. When a component change occurred, it was 
correlated with only the addition or removal of the 
appropriate stimulus. The other stimulus remained 
undisturbed during this transition. .Ss 17, 22, and 
28 had (L + T) associated with their VI 30-sec. 


schedules and (T + L) with their VI 70-sec. 
schedules. These stimulus-schedule combinations 
were reversed for Ss 26 and 31. 


All Ss were trained for 


on 


45-mg. rat 


| approximately 30 sessions 
on the schedule described. Each session lasted 3 hr. 


or until 130 pellets were received, whichever oc- 
curred first. After the training, they were tested 
for summation. The extinction test consisted of 
presentations of the tone (T + L), the light (L + T), 
and the absence of these stimuli—light out, no tone 


If 4 T). The stimulus conditions were presented 
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in each of 18 block randomizations. Each test 
condition was presented 45 sec. per block with a 
15-sec. (T +L) period (formerly S4) separating 
test conditions. Testing started after S had Te- 
ceived approximately 50 pellets on his training 
schedule. 


RESULTS 


Figure 1 presents the terminal training 
performance of two Ss, each representing 
one of the stimulus-schedule combinations 
used in training. These cumulative records 
clearly show good differentiation between 
VI 30- and VI 70-sec. SPs, with the dif- 
ferential rates appropriate to each com- 
ponent of the multiple schedule commencing 
at ihe onset of the respective stimulus pre- 
sentations. Table 2 presents this terminal 
performance data quantitatively. All Ss 
responded at a higher rate during the VI 
30-sec. than the VI 70-sec. SP, with clear 
rate distinction between SP and Sê 
conditions. 

Table 3 shows the total response outputs 
to each test condition. Excluding that con- 
dition to which Ss were taught to cease 
responding (T + L) so as not to over- 
emphasize the overall significance of the 
analysis of variance, a Treatment X 
analysis of the (T + L), (L +T), and 
(T +I) test conditions yielded an 
F (2, 8) = 7.00, p < .025. Significantly 
more responses (p < .025) were emitted t? 
the (T + L) condition than to either the 
VI 30- or VI 70-sec. stimuli, (T + L) of 
(L + T), separately presented, with the 
difference between VI 30-sec and VI 70-seC- 
stimuli insignificant. Each S emitted more 
responses to the (T + L) test condition 
than he emitted to the separate (T + L) 
and (L + T) conditions combined. Divid- 
ing the total responses emitted to the 
(T + L) test condition by the sum of the 
responses emitted to the tone and the light 
stimuli individually presented yields ratio® 
[TDT + LT] of 14 
1.6, 1.6, 1.9, and 2.5 for the five 55 
respectively. 

The progress of summation over test 
replications is seen in Fig. 2. This figure 
presents the mean cumulative percentas® 
of responses emitted to each test conditio? 
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Fic. 1. Cumulative records of Ss 


is effective when the base line is in the lower register, 
Portions of the base line and depression of the cumulative resp 


Periods. Slash marks by the latter pen record reinforcements. 
and (L + T) with the VI 70-sec. schedule; the opposite stimulus-schedule combinations 


VI 30-sec. schedule 
Were employed for S 22. 


9ver replications. It is clear that summa- 
tion to the light-out, no-tone condition 
Occurred from the very beginning of testing 
?nd was maintained through the final test 
replications. The Ss continued to emit 
responses to (T + L) when responding to 
Presentations of (T + L) or (L + T) was 
*ssentially extinguished. 


DISCUSSION 


"i postulation ofa symmetrical ew Ape 
tên us dimension in summation designs has 
Sti ul PPorted. Summation will occur to the 
of Us complex representing either extreme 
Singles Modality composite continuum when 
Stimulus presentations are reinforce- 


22 and 26 from a terminal training session. (The VI 30-sec. contingency 


and the VI 70-sec. when it iselevated. The solid 
onse pen identify the S^ tone-plus-light 
For S 26, (T + L) was paired with the 


ment-correlated if the opposite extreme is con- 
ditioned as S^. Therefore the continuum is 


symmetrical, with the functions of the two 
extremes interchangeable. 

Schematically, the stimulus complexes that 
are reinforcement-associated are (T + L) and 
(L + T), irrespective of whether S^ is (T + L), 
as in the present experiment, or (T + L), as 
in the Weiss (1964) and Wolf (1963) studies. 
But the summation tests clearly show that 
when S2 is (T + L), the T and L elements of 
these composite S^s are controlling responding, 
while when S^ is (T + L), the L and T ele- 
ments are serving this function. Therefore, 
the composition of S? relative to the SPs 
serves to determine those elements of the 
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TABLE 2 


TERMINAL TRAINING PERFORMANCE 
(RESPONSES PER MINUTE) 


Schedule condition 
S VI 30 VI 70 
(T +D) C +T) så 
or or (T +L) 
(L +T) (T +D) 
17 5.2 4.6 4 
22 58.8 16.1 1.6 
26 21.8 8.7 1.3 
28 12.1 [i “5 
31 25.5 11.2 25 
M 24.7 9.6 L3 


Note.—The rates represent averages of the final three 
training sessions for each S. The initial half hour of each 
session was considered warm-up and omitted from the de- 
terminations. 


composite SP to which S is selectively attend- 
ing. Observing S responding during (T + L), 
or (L 4- SE alone does not by itself allow this 
conclusion. It is the compounding test that 


permits isolation of the control exerted by the 
two elements of these composite SPs. 


Weiss (1964) reported a compounding study 
that employed training conditions essentially 
Similar to the present experiment with the 
exception that S^ was (T + L) rather than 
(T +L). The training cumulative records 
presented in that study (Weiss, 1964, Fig. 1) 


60 et) 
Cumulative 

50 

40 
Response 

30 

20 
Percentages 

10 


r3 4-6 7.9 1042 1345 16-18 


Test 


Fic. 2. Mean cumula 
emitted to each test c 


Replications 


tive response percentages 
: ondition over replications. 
(The stimulus condition represented by each curve 
is indicated by the notation to the extreme right. 
(T 4- L) indicates the light-out, no-tone condition. 
The presentation of (T +L) or (L +7), as ap- 
propriate, 1s represented by the VI 30-sec. and VI 
70-sec. curves. S4 represents the tone-plus-light 


(T + L) periods.) 


TABLE 3 
SUMMATION Test RESPONSES 
Stimulus condition 
s VI 30 VI 70 
T a T L +T 34 
(T (T £D CED | a 
(L +T) (T +D) 
17 86 28 32 + 
22 640 160 101 24 
26 197 81 40 15 
28 165 41 56 10 
31 347 135 86 36 
M 287 89 63 17.8 


show stimulus control that compares favorably 
with that demonstrated by Ss of the present 
experiment in Fig. 1. Differentiation between 
the SPs and S? is clear in both studies, as well 
as different rates to the two SPs. Although 
the distribution of responses over the test 
conditions of the present study cannot be 
directly compared to that of Weiss (1964) be- 
cause of differences in testing procedures, the 
comparison can be made with data reported 
by Weiss (1968). Four Ss from the latter 
study were given essentially similar training 
and testing as that received by Ssin the pres- 
ent experiment with the exception that S 
was (T +L). (The apparatus and stimuli 
employed by Weiss, 1968, are described in 
Weiss, 1967.) The mean percentages of re- 
sponses emitted to each condition over the 
first 18 test replications of the Weiss (1968) 
study were: SP composite (T + L), 55.1; NI 
30 SP, 21.9; VI 70 SP, 19.5; and S4(T + L) 
3.5. Figure 2 shows the comparable distribu- 
tion of responses in the present experiment. 
This distribution is, in percentages: SP com- 
posite (T +L), 60.8; VI 30 SP, 19,5. VI 70 
SP, 15.8; and S^ (T + L), 4.0. The greatest 
difference between comparable composite con- 
ditions of the two studies is 5.7%, the least, 
5%. The essentially similar distribution © 
test responses, as well as the similarity of the 
training records discussed, supports the con- 
clusion that the behavioral control to com- 
parable aspects of the composite continuum 
is equivalent even though opposite extremes 
serve as S^ and different elements of the com- 
posite SPs control responding. 

The symmetry of the control support? 
Wolf's (1963) comparison of the response en- 
hancement effect of combined SPs to generaliza- 
tion peak shift, with the composite stimulu 
dimension employed in summation experiment? 
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functionally equivalent to the unitary dimen- 
sion of the peak shift design. Peak shift occurs 
during stimulus generalization tests after dis- 
crimination training in which one value on a 
continuum is reinforced and another ex- 
tinguished (Hanson, 1959). These studies 
have shown that either value along the stimulus 
continuum can serve equally well in either SP 
or S8 capacity, with the peak shifted one way 
or the other as a function of the position of S* 
relative to SP, The reversibility of function 
has now also been demonstrated in summation, 
lending support to Wolf's suggestion. 

From a physical point of view, summation 
has been demonstrated in the present study to 
the least intense test stimulus (T +L). There- 
fore, these results have significant implications 
for the application. of a stimulus-intensity- 
dynamism interpretation to summation. 
Simply postulated, this interpretation might 
Contend that the compound condition (of 
Previous summation studies) was more intense 
than each of the "single" stimuli comprising 
it, and stimulus intensity according to Hull 
(1952) is an energizer of behavior. Since in 
the present experiment summation was as 
bowerfully demonstrated to (T + L) as it has 
Previously been reported to (T + L) in com- 
Parable “mirror-image” compounding studies, 
it appears that stimulus intensity dynamism is 
in no way responsible for summation to a 
multimodal stimulus. Rather, the present 
Study shows that summation is a function of 
the relationship between SP and S? stimulus 
Conditions on a composite continuum. Al- 


though the simplest composite continuum was 
investigated in the present study, more pro- 
found predictions are possible when three- or 
even four-element composites are explored. 
This suggests that the stimulus compounding 
procedure is a valuable assay technique for the 
investigation of the determinants of selective 
attention and stimulus control. 
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PERMUTATION TRANSFORMATIONS ON PHRASE 
STRUCTURES IN LETTER SEQUENCES? 


TERRENCE J. KEENEY ? 
University of Minnesota 


A paired-associate (PA) learning task in which the stimuli were strings of 
five consonants followed by a numeral and the responses were reorderings of 
the same five consonants was presented to college Ss. Each response string 
was related to its stimulus string by one of four permutation rules. Each 
rule was associated with one of the stimulus numerals. The four rules 
together segmented the consonant string into a hierarchical system of units. 
With standard PA instructions, there was an average of 4.06 trials to 
criterion in initial learning. When subsequently transferred to a list with 
five entirely new consonants but the same rules, Ss performed virtually 
errorlessly. In responding, Ss revealed a tendency to pause in a pattern 
appropriate to the hierarchical units imposed by the permutation rules. 
However, the similarity of these experimentally induced rules with those 
involved in natural language behavior was rendered doubtful by the long 


experimental response latencies of nearly 5 sec, per rule. 


What is learned by a child when he ac- 
quires the ability to speak and to compre- 
hend a natural language has been a matter 
of dispute. The knowledge that a speaker 
possesses of his language has been viewed, 
on the one hand, as a complex network of 
stimulus-response connections (Jenkins & 
Palermo, 1964; Mowrer, 1960; Osgood, 
1953) and, on the other hand, as a system 
of rules which generate the well-formed 
utterances in his language (Chomsky, 1957, 
1965). According to the latter view, phrase 
structure rules and transformational rules 
are essential features of the syntax of all 
natural languages. Each of these types of 
rules are general enough that they can be 
applied to many different materials in addi- 
tion to natural language. For example, 
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Miller (1967) and Shaw and Pufall (1968) 
have studied two-choice behavior within a 
rule-learning context. 

For the present investigation, a paired- 
associate learning task was devised in which 
the stimuli could be analyzed according to 
phrase structure and transformational rules. 
These rules governed the relationship be- 
tween the members of each item pair. The 
learning of the pairs was analyzed in order 
to determine if it involved the formation of 
such rules. 


EXPERIMENT I 


A paired-associate learning task in which 
there were three distinct elements in each 
"pair" was presented visually to Ss. The 
left-hand portion of the display consisted of 
a five-consonant string; the upper centra 
portion of the display consisted of a single 
numeral; and the right-hand portion of the 
display consisted of another string of five 
consonants. The consonants on the right 
were identical with those on the left; only 
their order differed from one side of the 
display to the other. 

A set of phrase structure rules was 1n 
posed on each consonant string. Phrase 
Structure rules are rules which simply eX 
pand one symbol into one or more othe! 
symbols. These rules had the effect of seg” 
menting the five elements of each string int? 


EE] 


2 
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TABLE 1 
PHRASE Structure AND PERMUTATION RULES APPLIED TO A FIVE-ELEMENT STRING 


Permutation rule 
Phrase Phrase struc- P 
Structure | ture rule hrase marker 
1 2 3 4 
PS: PSA E3 | CABO) DE | (BO (D) | (CA) (CB) (DE) | (ADE) BO) | (BCDE) (AD) 
2=B +C 
ja 1—^-D4G4E 
BS: pied IF (((AB)(CD))(E)) | ((AB)(DC) (E) | (BA) (CD) (E)) | (CD) (AB) (E)) | (E ((ABY(CD)) 
2—A-cB | 
iu 1^5C +D 
Ss 4 = Ta (((A)(BC))(DE)) | (((A)(BC))(ED)) | (((A)(CB))(DE)) | (((BC)(A)) (DE)) | ((DE) (A) (BC) 
=B +C ! | 
=D +E 


a system of hierarchical units (i.e., a phrase 
marker). These rules were formally iden- 
tical to the phrase structure rules employed 
in the description of natural languages. The 
three sets of phrase structure rules em- 
Ployed in these experiments and the phrase 
markers they define are presented in Table 1. 
_ The relationship between the left- and 
pSht-hand strings of each pair was defined 
Y a permutation transformational rule. 
Pi permutation rules reversed the order 
Me adjacent units as defined by the 
could ; Structure rules. Since these units 
or a Consist of as many as four consonants 
rules few as one consonant, permutation 
Snare a Bed a variable number of ais 
eing S, depending on the particular rule 
as the, Ployed, The four permutation rules 

Y Operate on each of the three phrase 


mar : 
kers are also presented in Table 1. 


M ethod 


use "Six different treatment groups were 
mitia € present study. Groups l, 2, and 5 
ing (^Y learned the materials constructed accord- 
4 an, hrase Structure 1 (PS), while Groups 3, 

6 initially learned the materials from Phrase 
e e 2 (PS;). In order to determine what 
list, arned in the course of mastering this first 
the qos 3Usfer task was employed. If learning 


ds : 
E eet task consisted solely in the formation 
atin s ions between the left- and right-hand 
fonan, en the introduction of five entirely new 
of anes should have completely disrupted por 
the ditia] If, on the other hand, during the one 
of cha, erning, permutation pile Were oe 


ap t oe Bing the letters should h 
the *ubj, Performance, Groups 1, 2, 


first Bg a complete change in 


3, and 4 were 
letters from 


€ second task. All of these groups 


were presented with the J letter set (J,X,C,P,M) 
in initial learning and then with the N letter set 
(N,S,K,B,Q) in the transfer task. Groups 5 and 
6 were presented with the N letter set on their 
initial, and only, task in order to control for the 
possible differential effect of the letter sets on 
learning speed. 

If the initial learning were solely on the basis 
of associative connections between the letter 
strings, then transfer performance for all of the 
groups should have been uniformly very poor. In 
order to determine if, in addition, rules were being 
learned, Groups 2 and 4 were presented with 
strings constructed according to a new set of 
phrase structure rules in the transfer task. Both 
rule learning and the formation of specific asso- 
ciations in initial learning for these groups would 
interfere in transfer performance; warm-up and 
nonspecific transfer effects would be the only fa- 
cilitating factors. Since initial learning for Group 
2 was on PS;, the transfer list was based on PS;, 
while the situation was exactly the opposite for 
Group 4. If initial learning were on the basis of 
rules, then Groups 1 and 3 would have been ex- 
pected to perform very well on the transfer task 
and better than Groups 2 and 4. 

Subjects.—The Ss were 54 undergraduate female 
volunteers from the University of Minnesota, di- 
vided into six groups with nine Ss per group. 
They were randomly assigned to one of the six 
groups according to their order of appearance at 
the laboratory. 

Materials.—The consonants in the two letter 
sets were chosen on the basis of their low intraset 
visual and auditory confusability. The mean rank 
frequency of occurrence in English (15.6) was 
identical for the N set and the J set (Bourne & 
Ford, 1961), while the average meaningfulness 
for the letters in the N set was 10.9 and for the 
J set, 11.2 (Anderson, 1965). None of the primary 
or secondary responses to any of the letters was 
present within a set, but four such associations 
occurred between the sets (N and P, M and N, 
T and K, P and Q) (Underwood & Schulz, 1960). 
"These associations potentially could have aided 
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transfer performance, but in only 26% of the trans- 
fer instances were these associations appropriate 
and, consequently, even potentially facilitating. 

Three random orderings of the five consonants 
in both the N set and J set were prepared. These 
strings served as the left-hand portions of the dis- 
play. The four permutation rules appropriate to 
both of the phrase structures were then applied 
to each of these three left-hand strings to yield 
the right-hand strings. Since there were four dif- 
ferent permutation rules for each phrase structure 
and three different left-hand strings within each 
letter set, 12 consonant strings from the N set 
and 12 from the J set were generated for each 
phrase structure. The center portion of the dis- 
play consisted of the numerals “1 2 3 4,” with 
one of the numerals underlined. Each underlined 
numeral was arbitrarily assigned to a permuta- 
tion rule and served as the cue for application of 
this rule to the left-hand string. Each of the threc 
portions of the display was placed on a separate 
slide for projection onto a screen. 

Procedure.—The stimulus in both tasks con- 
sisted of the left-hand string and an underlined 
numeral. The Ss were required to recite from 
left to right the letters that were paired with this 
string-numeral combination, They were not told 
what the five letters on the right would be or, 
of course, their sequential order. The left-hand 
string was not bracketed in any way, nor was any 
other indication of the phrase structure of the 
strings ever given to Ss. No mention of permu- 
tations, Tearrangements, or of rules of any sort 
Was ever made, The Ss were asked to recite the 
answer as rapidly as possible after the left-hand 
letters and the numeral were flashed on the screen. 
After giving the response verbally, Ss were re- 
quired to press a button placed at the base of the 
Screen, which response caused the correct answer 
to be shown on the screen. Guessing was en- 
couraged. 

There was no time requirement placed on re- 
sponse latency, except for the instruction to re- 
spond as rapidly as possible. After the response, 
all three portions of the display remained on for 
9.5 sec., during which time Ss were able to com- 
pare the left- and right-hand letter strings and to 
note the underlined number. At the termination 
of this feedback period, all three portions of the 
display went blank for 1 sec. until the next stimu- 
lus appeared. No verbal feedback was given. 

With each of the four permutation rules applied 
to each of the three left-hand Strings, a complete 
trial consisted of 12 item pairs. These item pairs 
Were arranged in three random orders, with the 
following restrictions: First, the first four items 
in each order contained one instance of each rule: 
second, two or more instances of the same rule 
Were never presented consecutively. "These three 
random Orders were presented consecutively to 
each S, with the starting point (at the beginning 
of Order 1, 2, or 3) assigned randomly for each 
S. A 10-sec. intertrial interval was employed, 
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The learning criterion on both tasks was two 
successive errorless trials. If an S did not learn 
the list within nine trials, the experiment was ter- 
minated. Immediately after S reached criterion, 
he was transferred to the appropriate second task 
condition, with no further instructions by E 
and no longer than the usual 10-sec. intertrial 
interval. . 

In light of the evidence presented by Martin 


and Strange (1968) that in natural speech when f 


Ss have little uncertainty as to message content, 
they tend to pause at phrase boundaries, the pausal 
patterning in the experimental responses was 
analyzed. Twenty-six volunteers from the intro- 
ductory psychology course at the University of 
Minnesota listened to the recorded responses of 
the last two trials (the errorless trials) of first- 
list learning. A total of 22 Ss’ responses was 
analyzed for pauses. Eleven of these Ss had 
learned PS; and 11 had learned PSs. Within each 
phrase structure, Ss were chosen randomly. The 
errorless trials were chosen for analysis to mini- 
mize the chance that there would be instances O 
a hesitation due to uncertainty before an incorrect 
response. Only first-list responses were include 
in order to avoid the possible residual effects © 
a structure learned earlier in the experiment 0^ 
subsequent responding. 4 

Three groups of judges, two groups of 7 an 
one group of 12, listened to the recorded responses 
and judged them as belonging to either a "da— 
da da—da da" or a "da da—da da—da" patter! 
This forced-choice technique was valid since thest 
were the only two patterns imposed by the Ls 
phrase structures used. Rules 1, 2, and 3 of P9 


r 4 


and Rule 4 of PS: yield the I-II-II pattern. Rule. 


4 of PS: and Rules 1, 2, and 3 of PS, yield tht 
II-II-I pattern. Each group of judges evaluate 
an equal number of utterances from each phras 
structure. The two groups of 7 judges judge 
four Ss' responses from each of the phrase str 
tures (eight Ss in all), while the group of 1 
judges judged three Ss’ responses for each of the 
phrase structures (six Ss in all). 

The judges were instructed to categorize each 
response as belonging to one of the two patus? 
patterns. Prior to the experimental task, E gave 


an example of each pattern. A judgment had t° 
be made on each response. i 


Results 


The mean number of trials to criterion °” 
first-list learning for each treatment is give? 
in Table 2. Only 2 Ss did not reach c 
terion on the first list within the expe? 
mental session, 1 each from Group 2 à? 
Group 3. These 2 Ss were replaced by nn 
Ss and their data were discarded. Tho, 
54 out of the total of 56 Ss presented wit 
the initial learning task were able to re^ 


= 
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TABLE 2 


‘TRIALS TO CRITERION FOR ALL GROUPS, 
First AND Seconp Lists, Exp. 1 


Group 
Item 
1 2 3 4 5 6 
First list 
PS 1 1 2 2 1 2 
x 4.44 | 4.00 | 3.89 | 3.89 | 3.33 | 4.78 
SD 1.59 | 1.87 | 1.17 | 1.54 | 1.32 1.56 
Second list 
“PS 1 2 2 1 
X 78 | 2.67 44 | 3.11 
SD 1.39 | 1.22 .73 | 1.54 


Note,—PS = phrase structure. 


. within nine trials the criterion of two suc- 


cessive correct trials. In first-list learning, 
the effect of letter set (Groups 5 and 6 vs. 
Groups 1, 2, 3, and 4) was not significant. 

The mean number of trials to criterion 
during second-list learning for each treat- 
ment group is also presented in Table 2. 
All 36 of the Ss who were given the trans- 
fer task reached criterion within the allotted 
nine trials. The data from the two groups 
that transferred within the same phrase 
structure (Groups 1 aud 3) were combined 
and contrasted with the data from the two 
groups that transferred to a new phrase 
structure (Groups 2 and 4). A difference 
score (List 1 — List 2) was computed for 
each S. The mean difference for Groups 
l and 3 was significantly greater than the 
mean difference for Groups 2 and 4, t (34) 
= 4446, p « .001. 

The responses that were being judged as 
to their pausal patterns were either from 

hrase Structure 1 or 2. Combining the 
data from all of the judges and Ss, 68% 
9f the judgments of responses in PS, were 
Correct and 60% of the judgments of re- 
Sponses in PSs were correct. The base line, 
Which would indicate chance performance, 
for the previous percentages is 5096. Thus 
the 68% and 60% correct judgments for 

hrase Structures 1 and 2, respectively, 
Were not impressively large. However, 
When a tabulation of the correct judgments 
Was made, summed over the 7 or 12 judges 
Who listened to each S, 9 of the 11 Ss in 

Si and 8 of the 11 Ss in PS» had more of 


their responses judged correctly than incor- 
rectly. An analysis of these data with 
Yates' correction for noncontinuity yielded a 
x! (1) = 458, p < .05. 


Discussion 


The results of Exp. I indicate that the ex- 
perimental task is one which can be mastered 
with little difficulty by college sophomores. It 
is apparent from the results on the second task 
that in learning the first list, Ss inferred some 
rules which they could subsequently apply to 
an entirely new string of letters. 

The small but significant tendency, which 
the judges in the present study exhibited, to- 
ward correct identification of the pausal pat- 
terning in the responses of Ss in Exp. I sup- 
ports the conclusion that in the course of 
learning, Ss incorporated a psychological 
analogue to the formal phrase structure. Hav- 
ing never seen the phrase struciure rules, Ss, 
who had learned only transformational rules 
which were compatible with the phrase struc- 
ture, transmitted information about the nature 
of the phrase structure in giving their re- 
sponses. A number of factors were militating 
against the transmission of such pausal pat- 
terns in responding. The emphasis on speed 
in giving the response and the short length of 
the response strings (making it unnecessary 
to pause in the midst of responding) were two 
such factors. Given a more leisurely pace and 
longer strings of symbols, the pausal patterns 
might well have been more pronounced. 


EXPERIMENT II 


Experiment I dealt with the operation of 
only single permutation rules. However, 
one feature of permutation rules is that 
more than one such rule can be applied to a 
given string and a uniquely determined 
string still emerges as a result. Once each 
of the four rules has been learned in its 
singular operation, there is no formal rea- 
son why there should be any decrement in 
performance when two or three of the rules 
are applied simultaneously to the same 
string. Given the human cognitive appara- 
tus, however, performance factors such as 
memory limitations may cause disruption 
of performance in the multiple application 
of these rules. Furthermore, if the rules, 
once learned, become cognitive operations 
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and if these operations are performed se- 
quentially, then latency measures on the re- 
sponses should increase as the number of 
rules applied to a string increases. Experi- 
ment II investigated the performance of 
single, double, and triple rule operations on 
the strings. 


Method 


Subjects.—Nine male undergraduates from the 
University of Minnesota served as Ss. 

Materials.—The set of phrase structure and 
transformational rules defined by Phrase Structure 
3 (PSs) (see Table 1) were imposed on the con- 
sonant strings. The four individual permutation 
rules could be combined into six double rules (ie. 
1l and 2, 2 and 3, etc.) and four triple rules (ie, 
l and 2 and 3, 1 and 3 and 4, etc.). The order 
of application of the rules was arbitrarily fixed 
so that the rules were applied in accordance with 
their numerical order. Thus, Rule 1 was always 
applied before Rule 2, Rule 2 before Rule 3, etc. 
This was a purely arbitrary, but necessary, con- 
vention to ensure that all Ss would be applying 
the rules in the same order and thus produce the 
same response. 

Instead of numerals, pictures of the four suits 
in a deck of cards were used as cues for the rules, 
Slides with one, two, or three symbols appearing 
one beside the other were prepared for projection 
onto the central portion of the display. 


symbols were randomly assigned to the rules and 
displayed so that a left-to-ri 


A total of 14 
symbols was constructed. 
Separate random orderings 
also constructed to be employed as the left-hand 
string. 

Procedure.—Initial learning of the singular rules 
was facilitated by giving Ss a 5-min, period of 
free learning in which they were allowed to study 
one example of the singular application of each of 
the four rules. Prior to this free learning, Ss 
were informed that at the end of the 5 min. they 
would be required to anticipate the right-hand 
string when shown the left-hand string and the 
suit symbol, 

Following the free-le 
sented with a task 
cal to the learning 
orders of the N le 
left-hand strings; 
sented one at a ti 


arning period, Ss were pre- 
which was procedurally identi- 
task in Exp. I. Three random 
iter set were presented as the 
the four suit symbols were pre- 
me as the central portion of the 
display; and the strings appropriate to PSs were 
presented as the right-hand strings. Once the 
criterion of two successive Correct trials was met, 
Ss were transferred to the multiple-rule transfer 
list. They were instructed to apply the rules one 
by one, starting with the rule cued by the left- 
most symbol. The string resulting from the ap- 


TABLE 3 


Mean NUMBER Or Errors, PERCENTAGES OF 
THE TOTAL OPPORTUNITY FOR ERRORS, 
AND MEAN LATENCIES (TRIALS 2-5) 


, 


Exp. II 
| Number of rules applied 
Item 
ij 2 | 3 
Mean errors | B s 1.11 2.22, 
Percentage of errors | 0% 3.7% 11.1 % 
Mean latency (in sec.) 5.07 | 9.09 15.34 


plication of this first rule was then to be used 
as the string to which the next rule was to be 
applied, etc., until the final "answer" was com- 
puted. The Ss were instructed to give only the 


final answer aloud and to give it as rapidly as 
possible. 


Five trials on this 14-item list were presented 
to each S. Two randomizations of the transfer 
list were constructed. All Ss were exposed to 
these two randomizations in alternating order, re- 
sulting in three exposures to the first randomiza- 
tion and two exposures to the second randomi- 


zation. Latencies were recorded for all of the 
responses. 


Results 


Following the 5 min. of free learning, Ss 
mastered the task rapidly. The mean num- 
ber of trials to criterion was 1.89 (SD= 
71). The mean number of errors was 4.90, 
with a range from 1 to 18. 

For single, double, and triple applications 
of the rules, the mean number of errors an 
the percentage of errors out of the total op- 
portunities for errors are shown in Table 3. 
The percentage of errors was quite small 
in all of the cells, the largest being less 
than 15%, indicating that Ss performed on 
even the triple rules with a high degree 
of accuracy. The number of errors increase 
consistently with the increasing number of 
rules applied. A Friedman two-way analy- 
sis of variance revealed a significant differ- 
ence in the number of errors committed 
across the three levels of rule application, 
x*, (2) =12,p < 01. 

The mean latencies over Trials 2-5 of 
the transfer test for single, double, and triple 
applications of the rules for the correct re- 
sponses only are shown in Table 3, The 
first transfer trial and the incorrect re- 
Sponses were excluded from these data be- 
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cause of the extraordinarily long latencies 
exhibited by many of the Ss on their first 
few encounters with a multiple rule and on 
their incorrect responses. Within either 
Single, double, or triple applications of the 
Tules, there was no significant difference 
among the particular rules in the number of 
errors committed. A one-way analysis of 
Variance on the mean latencies revealed the 
effect of number of rules to be significant, 
F (2, 16) = 30.36, p < .01. A trend analy- 
Sis performed on the number-of-rules factor 
yielded a significant linear trend, F (1, 16) 
= 60.70, p < 01. The quadratic trend was 
not significant. The linear component ac- 
counted for 99.9% of the variance due to 
the number of rules. 


Discussion 


d The Striking differences in latencies pro- 
"Ced by the different number of rules being 
“pplied is further support for the conclusion 
that rules are being used by Ss in this task. 

€ linear function of the increase in latencies 
indicates that each rule takes a constant amount 
s time, regardless of whether it is the first, 
*COnd, or third rule to be applied to a string. 
t OWever, since Ss were instructed to apply 
Ne rules serially, this result does not exclude 
5 Possibility that these rules could be ap- 


hs in other manners which would more 
Sely approximate a model of parallel rather 
than se 


rial processing. 

nt : least one feature of behavior in the pe 

tog De aent was obviously vastly differen 

differ anguage behavior and thus requires à 

demonst Psychological model. The latencies 

al nstrate that in the experimental task it 
es nearly 5 sec, to perform one permutation 


transformation. Since the analysis of even the 
simplest sentences in natural language involves 
many transformations, clearly the latencies in- 
volved in performing natural language trans- 
formations cannot be of even the same order 
of magnitude as they are in the experimental 
situation. 
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SELECTIVE ATTENTION IN MULTISOURCE 
MONITORING TASKS? 


PETER HAMILTON ? 
University of St. Andrews 


The monitoring of three information sources was studied using the method 


of observing responses, 
four Ss were assigned t 


In the first 
0a2X2bl 


rate (paced and unpaced) and two fault rates 


bilities of faults on the three source 
rate, unpaced S's observing of tl 


H 


probability, but became Structured more in favor 


fault rate was increased or when 
The design was expanded by adding 


slower pacing conditions to give a 4 X 3 block 
trend towards selection on the basis of probal 
where sources were observed with probabilities 
governing the cha 
probability of a fault on any observation, P(F/O 


appeared that the variable 


fault rate and pacing changes, 
in observing for pacing changes was 
fault rate changes were found to fit 


In multisource monitoring situations, O 
must continuously select information from 
different sources. A common example of 
such a task is the maintenance of a number 
of dial readings within set limits. The proc- 
esses underlying the deployment of attention 
Over various sources are not yet fully under- 
stood. Senders (1965) showed that if the 
information load of the task was near O's 
maximum capacity, the frequency of fixation 
of each source was a function of its band- 
width (signal probability). Hickey and 
Blair (1959) and Blair and Kaufman (1959) 
found no relationship ; frequency of fixation 
of a source was independent of signal proba- 
bility. 

The present experiment was concerned 
with monitoring (sampling) behavior in a 
Simple three-source task. It was designed 
so that the locus of attention at any moment 
was known. The technique used was de- 
veloped by Holland (1958) and requires S 
to make a motor response to obtain a brief 


1This research is 
partial fulfillment of 
degree at the Univer 
2 Requests for rep: 


part of a thesis submitted in 
the requirements for the PhD 
sity of St. Andrews, Scotland. 
rints should be sent to Peter 
Hamilton, who is now at the Medical Research 
Council, Applied Psychology Research Unit, 15 
Chaucer Road, Cambridge, England. 


A function relatin 


stage of the ex 


periment, four groups of 
ock havin: 


E two conditions of observing 
(fast and slow). The proba- 


s were .6, .1, and .3. At the slow fault 


€ sources was independent of source 
of source probabilities when 
observing rate was slowed by pacing. 
one faster fault rate condition and two 
with four Ss per cell. The 
bility reached an asymptote 
about .46, 22, and .32. It ^ 
nge in observing was the | 
), which is affected by both 
g P(F/0) to the change 
derived, and the corresponding data for 


that function, 


glimpse of the source he wishes to sample. 
Any one of three signal sources may be ex- 
posed by pressing one of three correspond- 
ing observation buttons. An assessment of 
the relative attractiveness of each source is 
obtained by recording S’s observing re- 
sponses. 3 

Pilot tests showed that changes in observ- 
ing behavior might be produced by varia- 
tion of signal rate or by pacing S’s observing 
Tesponses. These variables were manipu- 
lated in the present experiment to assess 
their importance as determinants of moni- 
toring performance. The experimental sit- 
uation was an analogue of a real-life fault 
detection task. The S was required to 
monitor three information sources that could 
assume two states, “normal” and “fault.” 
Faults remained in the present until seen 
and corrected, and S's task was to find and 
correct the faults as soon as possible after 
they occurred. The experiment was con- 
ducted in two stages. 


GENERAL METHOD 


Subjects.—The Ss were 48 undergraduates wh? 
Were paid for their participation. Of these, 16 
took part in Stage 1 and 32 in Stage 2. d 

Apparatus—The S was seated in a darkene! 
Toom at a control panel facing a horizontal bank 
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of three lights, 1 ft. apart at a distance of 10 ft. 
ch light was a combination unit capable of 
flashing red, blue, or grecn, or any combination 
of these. At the control panel were three “sam- 
pling buttons," cach corresponding to one of the 
lights, which When pressed caused the light to 
flash for 50 msec. The light under “normal” con- 
ditions Was a red-and-green combination, and a 
fault” condition was indicated by the appearance 
of a red-and-blue combination on illumination of 
the appropriate light. Also on the control panel 
Were three corrector buttons. Pressing one of 
iere Would correct a fault on the corresponding 
ght. 
, In an adjacent room, faults were programmed 
into the system by a Creed tape reader, which gave 
2 Momentary pulse for cach fault. The tape 
1 ner could be cam-driven at speeds in the ratio 
14. The momentary pulse was converted to 
$ Steady state by a holding circuit, so that any 
ault Programmed into the system remained there 
patil discovered and corrected by S. Provision 
= facing S's observing responses so as to con- 
& b n sampling rate was made by installation of 
foun and variable-speed revolving cam. Two 
reco, Panne Rustrak event recorders were used to 
pa Td cach sample made by S and the onset and 
“rection of faults on each source. . 
"structions—The Ss were asked to imagine 
che lves in the position of an operator on ma- 
ine maintenance with three machines to look 
sr. The state of each machine could be checked 
sh, ashing the relevant indicator light, and if m 
mend Ted and blue, a fault had dom : 
Was od of correction was then demonstrated. 5 
rema Pi essed that faults would occur and Pal 
rected. in the system until discovered an by - 
5 and that $ must try to catch each fault as 
Were Ps Possible after it had occurred. Lat 
Wishe, S that they could press any button y 
wed, but only one at a time. 


SracE 1 
Method 


s091—A 2x 2 design employing a slow and 
à fault rate condition and paced and unpaced 
ur E conditions was used. To each of [os 
the cells, four Ss were allocated at random. ia 
obs, Paced condition, § was left to adopt his ow 
the bang rate; pacing was effected by ringing 
One ell in Se room every 1.5 sec. and te) 
Soy" serving response only on each ring. In i 4 
terc Ault rate condition, there was an averag& 
ait interval of 30 sec. randomized between 
Ver, + sec. In the fast condition, there =e 
betwee interfault interval of 15 sec. randomi 
lege gem 8 and 22 sec. Labeling the Tights fram 
fau o right, A, B Sad C, the ponies o 
? (cy currence were: p (A) =-6, P (B) =-L 
the = 3. Within these probability restrictions, 
henges Was constructed so that no sequential 
“Ncies existed, No feedback was given. 


TABLE 1 


MEAN PERCENTAGE OF OBSERVING RESPONSES 
MADE TO EACH OF THE THREE LIGHTS IN 
EacH or THE FAULT RATE AND 
PACING CONDITIONS 


Pacing 
Eile, Unpaced Paced 
A B c A | B € 
Slow | 27.6 | 40.6 | 31.8 | 40.8 | 25.9 | 33.3 
Fast 38.6 | 30.1 | 31.3 | 45.5 | 23.3 | 31.2 


Note.—For each cell, N = 4. A, B, and C = lights. 


Proccdure.—The Ss were required to attend two 
40-min. sessions a day apart. At the end of the 
second session, each S was asked to assess the 
probability of a fault on each source by guessing 
how many faults out of 100 would be on Sources 


A, B, and C. 


Results 


The Ss in the slow fault rate condition 
processed 160 faults. To control any differ- 
ential influence of learning, all Ss’ observ- 
ing behavior at 160 faults was taken as the 
index of their performance, irrespective of 
fault rate. For each S in each group, 100 
observing responses before and after the 
one hundred sixtieth fault were extracted 
from the record, giving a sample of 200 re- 
sponses. The number of observations of 
Sources ^, B, and C in the sample was ex- 
pressed as a percentage (percentage of A, 
percentage of B, percentage of C). 

'The obtained observing frequencies for 
the three lights are shown in Table 1. 

For statistical treatment of these data, an 
index is required of the degree to which Ss 
discriminated between sources on the basis 
of the probability of a fault on these sources 
(selectivity). The index chosen was fre- 
quency of observing the high-probability 
source A (percentage of A). An overall 
analysis of variance on percentage of A in- 
dicated significant effects of pacing, F (1, 
12) = 12.56, p « .01, and fault rate, F (d, 
12) 2949, 5 « 0l. The Fault Rate x 
Pacing interaction was not significant. 

It appears from Table 1 that selectivity 
is increased as fault rate is increased and 
when pacing is introduced. The effect of 
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TABLE 2 


MEAN PERCENTAGE OF OnsERVING RESPONSES TO EACH or THE THREE LIGHTS 
FOR Four PACING AND THREE SPEED CONDITIONS 


—— 
Paced 
Unpaced 
Fault 1.5 sec. 2.5 sec. 4 sec. 
rates 
A B c A B A B € A B c 
5 5 31.6 
27.6 40.6 31.8 40.8 25.9 33.3 47.3 23.5 29.2 46.4 22 
> 38.6 30.1 31.3 45.5 23.3 31.2 45.5 21 33.5 45.8 20.6 2 
3 43.4 24.6 32.1 44.9 25.9 29.2 42 27.7 30.3 45.6 24.8 5 


Note.—For each cell, N = 4, A, B, and C = lights. 
* Ratio of Fault Rates 1, 2, and 3 is 1:2:4. 


pacing was to slow the rate of observing, 
the mean number of observations per min- 
ute for unpaced Ss being 128.1 as compared 
to the imposed 40 per minute of the paced 
groups. It is not clear whether a limit to 
the trend of increased selectivity has been 
reached. 


STAGE 2 
Method 


In Stage 2, the experiment was expanded in an 
attempt to locate the asymptote of the process. 

Design.—The 2 x 2 block was expanded by add- 
ing two conditions of increased pacing restriction 
and one increased fault rate condition to produce 
a 4X3 block. The added pacing rates were 2.5 
and 4 sec, and the third fault rate produced an 
average interfault interval of 7} sec. randomized 
between 4 and 11 sec. All other conditions of 
the experiment remained unchanged. Four Ss 
were allotted randomly to each of the eight addi- 
tional blocks. 


Results 

The obtained observing frequencies for the 
three lights in all 12 cells are shown in 
Table 2. Again the precentage of observa- 
tions of the high-probability light was used 
as an index of selectivity. Analysis of vari- 
ance now indicated a significant interaction, 
F (6, 36) = 2.61, p < 05, and the pacing 
and fault rate effects were not significant. 
The indication is that the effect of an in- 
crease in fault rate depends on the pacing 
rate and vice versa. 

The results of Ss’ assessments of fault 
probability are shown in Table 3 and indi- 
cate that probability learning was stable and 
accurate after 160 faults in all the slow fault 
rate conditions. 


Discussion 


When fault rate is increased or the pacing 
interval lengthened, the number of observations 
possible per interfault interval is decreased. 
Thus, it may be that probability of a fault on 
any observation, P(F/O), is the main variable 
in the present experiment and increase in fault 
rate or pacing interval are effectively the same 
thing. To examine this Proposition, the 
in Table 2 may be collapsed onto the spee 
axis and the pacing axis. It is then possible 
to derive a measure of percentage-of-A_ ar 
ples (the selectivity measure) as a function zi 
number of observations per interfault intervà 
for both rate and pacing changes. Figure 
shows that rate and pacing changes give rise 
to the same function. Since Senders (1965) 
and Blair and Kaufman (1959) used differen 
levels of P(F/O), the latter having the lower 
level, it is likely that the two sets of data 
represent different points on the selectivity 
continuum shown in Fig. 1. It is interesting 
that the relationship between P(F/O) and se 
lectivity found here may be found in the form 
of a rise in detection rate with increasing sig- 
nal event/nonsignal event ratios in vigilance 
(Colquhoun, 1961). 


TABLE 3 


MEAN AssEssEp PROBABILITY oF FAULTS ON 
THREE LIGHTS For ALL FAULT RATE 
CONDITIONS 


Mean assessed probability 


Fault rate 
A B c 
————— 
1 59 .09 .32 
2 59 all 30 
3 56 42 32 


0 
ee mT made after 160 faults at Rate 1, 320 
2, and 640 faults at Rate 3. A, B, and C = lig 
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dig Pether Os in a real-life monitoring situa- 

n will behave as the experimental Ss is not 
Yet known, From these data, it would appear 
the. S chooses a high physical work rate in 
kn: Unpaced situation and in some way re- 
his - himself from the burden of structuring 
e observing on the basis of probability, at 
"5t at low signal rates. Two unpaced Ss ob- 


served much more slowly than the rest and 
exhibited higher selectivity. The analysis of 
monitoring behavior in terms of information 
theory (Senders, 1965) has ignored such strat- 
egy factors and concentrated on those situa- 
tions where behavior is constrained by the 
high-information load of the task. In the light 
of these present data a reappraisal of current 
theory is required. 
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extensive pretraining resulted in more rapid development of differential 


hypothesis, 


Behavior theorists have long been inter- 
ested in differential conditioning or single- 
presentation discrimination learning as a 
technique for simultaneously investigating 
acquisition and extinction processes, as well 
as their interactions. One result emerging 
from this research has been the finding of 
functional relationships between amount of 
predifferential training and rate of acquiring 
a discrimination. In a discrete-trials situa- 
tion, using a differential conditioning tech- 
nique, it has been found that discrimination 
develops more rapidly as a function of in- 
creasing numbers of prior continuous re- 
wards (Amsel & Ward, 1965, Exp. ID). A 
study by Shoemaker (1953) indicates that 
this relationship also holds for selective 
learning or simultaneous presentation dis- 
crimination. 

This relationship between predifferential 
training and development of a discrimination 
is of considerable Systematic importance since 
it is a major prediction of frustrative non- 
reward theory (Amsel, 1962). According 
to this theory, increasing numbers of predif- 

1 This research was supported in part by United 
States Public Health Service Grant MH-15380-01 
(John R. Platt, principal investigator). 

? Requests for reprints should be sent to John R. 


Platt, Department of Psychology, University of 
Iowa, Iowa City, Iowa 52240. 
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oth discriminanda. 
conventional, pre- 
ing during absences 


andum presentation 
These results were discussed 


tive nonreward theory and the response chaining 


ferential rewards, to either or both of the 
discriminanda, increase the fractional ae 
patory reward response (rr) initially evoke 
on nonrewarded trials so as to increase the 
amount of frustration (Rp) elicited by the 
nonreward event. Since the stimulus co! 
Sequences (55) of anticipatory forms (rr) 9 
Rr are assumed to evoke competing 1° 
sponses (avoidance) which are at least i# 
part responsible for decrements in perform 
ance to the nonrewarded discriminandu™ 
(S—), greater numbers of prior rewards 
would be expected to hasten discrimination 

Unfortunately, both of the studies which 
provide evidence for this prediction have 
confounded predifferential reward history 
with simple exposure to the discriminanda- 
This confounding is particularly critical since 
a rather large body of literature (Epstei: 
1967, Ch. 5) suggests that nondifferential eX^ 
posure to a stimulus enhances its subsequen 
function as a discriminandum, even if bos 
prior exposure is not rewarded. One pur 
pose of the present study was to see if e 
Amsel and Ward (1965) result would occu 
when predifferential training did not involv 
presentation of either of the stimuli wH 
were to serve as discriminanda. If such 
result were to be obtained under the cond" 
tions just described, simple prior expost? 
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to the discriminanda would be eliminated as 
à necessary condition for the phenomenon, 
while the frustration interpretation would re- 
main viable since conditioning of rr to the 
nondifferential situational stimuli should be 
sufficient to produce the predicted effect. 
J his finding would, of course, have no bear- 
mg on the role of simple exposure to the 
discriminanda as a sufficient condition for 
acceleration of discrimination learning. 
_ Yet another interpretative problem arises 
™ respect to using Amsel and Ward's (1965) 
ees to support frustration theory. On the 
ens of such an account, the faster discrimi- 
hu in Ss receiving more predifferential 
ale should be the result of more rapid 
fon n in S—, over and above any en- 
:ncement of performance in the rewarded 
veeriminandum (S+) as a result of the shift 
om Continuous to intermittent reward at the 
ALINE of differential conditioning. The 
hàvi Known phenomenon of positive be- 
js loral contrast (PBC), which has been 
Viewed by Dunham (1968), certainly sug- 
iuto the possibility that Amsel and Ward's 
differ “i responded faster to S+ during 
erential conditioning than at the end of 
is vai ferential training. What is not clear 
1 ether the magnitude of such PBC would 
SXpected to vary as a function of number 
or differential rewards so as to account 
Tat Some or all of the obtained differences m 
€ of discrimination. 
pore tunately, there appear to be 
ed studies of the effects of amount of 


no re- 


ppdifferentia] training on magnitude of 
the f This oversight probably stems from 


=e that asymptotic or steady-state pre- 
the tial performance is usually used as 

ase line against which PBC is evaluated. 
ential » manipulation of amount of prediffer- 
of training so as to prevent attainmen 
of pao performance precludes assessment 
fou in the usual manner. Platt ay 
Preqi that response speeds comparable to the 
Ufer erential base line could be obtained bó 
Brigg tial training during brief periods 
Nan to the presentation of either discrimi- 
Wag um, early in a trial. The present study 
bta; signed to make use of this finding to 
or 2 ppc estimates in both the presence 
Sence of extended predifferential train- 


ing. Such estimates should serve to indicate 
what role PBC plays in differing rates of 
discrimination learning resulting from pre- 
training manipulations. 

A final goal of the present study was to 
investigate the interaction of exteroceptive 
discriminanda and response-produced chain- 
ing stimuli. Although behavior theorists 
have long been fond of the notion that a 
response may be sequentially chained by 
being conditioned to its own stimulus conse- 
quences, only the most indirect evidence 
for such a mechanism has been forthcoming. 
Donahoe, Schulte, and Moulton (1968) in- 
vestigated the effects of adding an exterocep- 
tive stimulus gradient to response chains in 
which within-chain delay of reward either 
was or was not correlated with response 
speed. On the basis of failures to modify 
the response speed gradients in the former 
type of chain, these investigators concluded 
that its stimulus control was entirely of the 
interoceptive, chained variety. The over- 
generalization that may be prompted by 
these results is that once such a chain is 
initiated, it is immune to further exterocep- 
tive control. By manipulating the point of 
presentation of a discriminandum relative 
to the initiation of a response chain, the con- 
tribution of chained stimulus control should 
be directly reflected as a relative loss of con- 
trol by the discriminandum when it is pre- 
sented within the chain. Such a manipula- 
tion was made in the present study so as to 
further determine the existence and extent 
of chaining in a situation involving a corre- 
lation between response speed and within- 


chain delay. 


METHOD 


Subjects.—Thirty-two male albino rats of the 
Sprague-Dawley strain were randomly assigned to 
two groups. All Ss were approximately 130 days 
old at the beginning of the experiment. Three 
weeks before, and throughout the experiment, all 
Ss were maintained on a 12-gm/day food ration, 
including rewards obtained in the experimental 
situation. 

Apparatus.—Two 114 X93 X 103 in. test cham- 
bers of identical construction were used. Centered 
on one wall, 24 in. above the grid floor, was a 
Hawley retractable lever which required a static 
force of 38 gm. to operate. A Stainless-steel shield 
extended 1 in. from this wall, immediately below 
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and 2i in. up one side of the lever opening. A 
similar shield was placed 1 in. from the other side 
of the lever opening and formed one side of the 
food cup which was immediately adjacent to the 
lever opening. An additional plate 2 in. high was 
placed across the front of the shield, and a final 
piece of stainless steel separated the lever from 
the food cup. The resulting configuration exposed 
only the top surface of the lever, thus Preventing 
the lever from striking S, as well as eliminating 
many variations in response topology. 

Two small white pilot lamps were located 53 in. 
above the grid, 3 in. on either side of the lever. 
These lamps served to dimly illuminate the cham- 
ber, as well as to signal trials. Behind the chamber 
wall was located a speaker and a motor-driven 
pellet dispenser. The test chambers were placed 
in sound attenuating enclosures and were succes- 
sively controlled by solid-state circuitry located in 
an adjacent room. Response times and experi- 
mental parameters were recorded on punched paper 
tape with a resolution and minimum value of .1 sec. 
(Platt & Senkowski, 1968). 

Procedure.—The first three sessions of pretrain- 
ing were identical for all Ss. In the first session, 
each S was given 30 magazine training trials. On 
each trial, three 45-mg. Noyes pellets were pre- 
sented at the end of a 2.5-sec, warning signal. 
The warning signal consisted of an increase in 
illumination from approximately .1 ftc. to ap- 
proximately 2.2 ftc. The interval between reward 
presentations was 55 sec. In the second session, 5 
magazine training trials were followed immediately 
by 25 lever-pressing trials. A lever trial began 
with presentation of the warning signal, followed 
2.5 sec. later by entry of the lever into the chamber. 

hen S pressed and released the lever, a three- 
pellet reward was accompanied by retraction of the 
lever and termination of the warning signal. If 
no response occurred within 25 sec. of lever presen- 
tation, the trial was terminated without reward. 
Trials were initiated at the rate of 1 every 55 sec, 
The third session was similar to the second, 
except the number of responses required per trial 
was gradually increased to seven. 

Sixteen Ss comprising Group S (separate phase) 
were given 40 additional training sessions. These 
sessions were the same as described previously, 
except that seven responses 
reward on all 30 trials, 


Throughout dif- 
the trials were 


» Counter- 
The 4,000-cps tone was pre- 
sented at 80 db. (SPL), and the 10,000-cps tone at 

The background noise level was 68 db. 
15 reinforced trials and 15 
nonreinforced trials in each session, the tone was 
presented at the onset of the warning signal (WS). 
On another 5, it was presented after the first lever 
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press (Ri), and on the remaining 5, after the fourth 
press (Ri). In each case, the tone continued until 
the trial was terminated, and the various delays 
of tone presentation occurred in a predetermined 
irregular order. 

The remaining 16 Ss, comprising Group M 
(mixed phase), began differential conditioning im- 
mediately after the third pretraining session and 
also continued for 44 sessions. For each lever press 
throughout the experiment, an interresponse time 
(IRT) was recorded as the interval between suc- 
cessive releasings of the lever or, in the case of the 
first press of a trial, as the time between entry of 


the lever into the chamber and S's first releasing 
of it. 


REsutts 


Mean gradients of response speed over the 
seven lever presses in a trial are shown in 
Fig. 1 for early stages of differential condi- 
tioning in both Groups S and M. Later 
stages are portrayed in Fig. 2. Gradients 
for rewarded (S+) and nonrewarded (S-) 
trials under each of the three conditions 0 
discriminandum delay were plotted sepa- 
rately. In order to evaluate the statistical 
reliability of effects apparent in this data, an 
analysis of variance was performed in which 
the main effects were amount of pretraining, 
successive stages of differential conditioning, 
discriminanda, intratrial delays of discrim!- 
nandum presentation, and ordinal response 
position in the trial gradient. A 01 signifi- 
cance level was adopted in view of the con- 
siderable power of the design. 

The obvious development of reliable speed 
differences between S+ and S— was statis 
tically supported by significant effects O 
discriminanda, F (1; 30) — 131.92, and Dis- 
criminanda x Stages, F (5, 150) = 71.76. 
It can be seen that Group S displayed con- 
siderable stimulus control by the secon 
block of differential conditioning sessions: 
while the process was somewhat slower fot 
Group M so as to produce a significant DÍS- 
criminanda x Pretraining interaction, F (1: 
30) = 10.85, and a Discriminanda x Pre 
training X Stages interaction, F (5, 150) ~ 
3.59. Asa matter of fact, the differences b€ 
tween S-- and S— speeds never became 2? 
large in Group M as in Group S. Howevett 
Group M did eventually catch up to a” 
slightly surpass Group S if discriminatio? 
was indexed by the ratio, rather than th? 
difference, of S+ and S— speeds. 
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ORDINAL POSITION IN RESPONSE CHAIN 


Fic. 1. Early differential 
discriminandum d 


er arther insight into differences in the 
conditae t of stimulus control in the two 
Samin of pretraining may be had by 
Sents TE Fig. 3, which graphically, repre- 
nanda E previously mentioned. Discrimi- 
his ^n Pretraining x Stages interaction. 
the wee makes clear that a large part of 
in Groy € rapid emergence of discrimination 
lus anm. S resulted from the fact that stimu- 
most Tol in this condition was represented 
I entirely by decreases in S— speed. 
tes M, on the other hand, S= speeds 
a ed for a time before beginning to drop 
Y from the still increasing S+ speeds. 

to E representation in Fig. 3 also serves 
SPee Mphasize the overall faster response 
T is a. Group S as compared to Group M. 
Signin erence was reflected statistically by 
=i ificant effect of pretraining, F (1, 30) 
erai 6, and by the Pretraining x Stages 
fergyiction, F (5,150) = 10.14. Such a dif- 
= den would have been expected early in 
fe, Sntial conditioning on the basis of dif- 
€ amounts of pretraining. However, 


conditioning response speed gradients as a function of 
lelay and amount of predifferential training. 


the fact that this difference persisted at least 
24 sessions after the S+ speeds of Group M 
had become asymptotic suggests a permanent 
effect of pretraining on overall response 
speed in differential conditioning. 

A final aspect of the effects of pretraining 
on the development of discrimination oc- 
curred in respect to the degree of control 
exerted by the discriminanda as a function 
of their delays. Figures 1 and 2 clearly indi- 
cate that substantial control came to be 
exerted by the discriminanda at all delays of 
presentation. In view of the very rapid 
discriminandum-independent increase in re- 
sponse speeds from the first to the second 
response of a trial, it is difficult to compare 
degree of discriminative control at various 
presentation delays simply in terms of the 
rate of divergence of S+ and S— gradients. 
Nevertheless, a significant Delays x Gradi- 
ent X Pretraining interaction, F (12, 360) 
= 5.78, and a Stimuli X Delays x Gradient 
x Pretraining interaction, F (12, 360) = 
8.14, statistically support the observation 
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Fic. 2. Late differential c 


from Fig. 1 and 2 that Group S showed more 
rapid divergence of S+ and S— gradients 
with shorter delays of discriminandum pre- 
sentation, while slightly the reverse was true 
for Group M. Evaluation of these effects is 
further complicated by the fact that early in 
differential conditioning, Group S appeared 
to actually approach lower terminal levels 
of response speed with longer delays of S— 
presentation. 

Several other significant sources of vari- 
ance emerged from the overall analysis of 
variance, but were either of no systematic 
interest or were of Such complexity as to 
elude interpretation, Further results are 
more profitably considered in respect to 
PBC. The present experiment offered two 
possible base lines for evaluating PBC. Of 
these two, only the speed of responses prior 
to discriminandum Presentation during dif- 
ferential conditioning was available for both 
Groups S and M, In order to facilitate eval- 


3 Complete summary tables of the analyses of 


variance reported in this paper are available from 
the authors, 


ate diff onditioning Tesponse speed gradients as a function of 
discriminandum delay and amount of p 


redifferential training. 


uation of possible contrasts against this base 
line, the analysis of variance described earlier 
was repeated using only the data of sr 
trials. This seeming redundancy served both 
to greatly simplify interpretation of comple* 
Sources of variance and also to increas 
homogeneity of variance, A significance 
level of .01 was again adopted, G 
Referring to Fig. 1 and 2, the observatio” 
of faster responding after than before S+ 
presentation was statistically reliable, as 187 
dicated by significant effects of delay, F (2 
60) = 20:22, and Delays x Gradient, F ds 
360) = 11.14. Some statistical support un 
also forthcoming for the greater magnitu 
of this effect in Group S since the Delo 
Gradient x Pretraining interaction, F ( $ 
360) = 2.45, was significant, although s 
lays x Pretraining was not. Figure 1 2 se 
Suggests that the difference between respon. 
speeds before and after S+ presentation i 
not appear until Ss displayed some discri 
nation between S+ and S—, although step 
did not interact significantly with delays A 
with Delays x Groups. Other significa! 
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DISCRIMINATION FOLLOWING PRIOR REWARDS 


effects indicated by the analysis have already 
been dealt with in the earlier presentation of 
discrimination results, except for the Pre- 
training x Gradient interaction, F (6, 180) 
= 5.66. This interaction reflects the greater 
flatness of the response speed gradients in 
Group M than in Group S. 
_ The justifiability of using response speed 
in the absence of either discriminandum as a 
= line for evaluating PBC is considered in 
the Discussion section. The predifferential 
Performance of Group S, however, does pro- 
ix for an empirical evaluation of the simi- 
arity of this rather unusual base line to the 
customary one, Figure 4 shows the re- 
na Speed gradient for Group S in the 
at Session of predifferential training, as well 
this &roup's gradient for each of the three 
Fein of S+ presentation over the last 24 
in TENE of differential conditioning. Test- 
EE a statistical null hypothesis of no per- 
. mance difference between the end of pre- 
a erential training and in the absence of 
in Triminanda during differential condition- 
di. oma, serve little purpose, but Fig. 4 
sions Y indicates that much the same conclu- 
Tea 3 Concerning PBC would have been 
a py cd regardless of which had been used as 
laur line. Figure 4 also shows two addi- 
rel " Tesults, First, the magnitude of PBC 
s Meng to the predifferential base line 
tria] ed a decided increase as the end of a 
Was Was approached. That this increase 
is Sut due to time since S+ presentation 
‘cated by the fact that by the second re- 
Ponse after S+, response speeds had always 
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Fic. 4. Mean response speed gradients at the 
end of pretraining and. for the three delays of S+ 


presentation over the last 24 sessions of differential 
conditioning in Ss given extended pretraining. 


attained the level generated by earlier pre- 
sentations. Second, regardless of whether 
S+ had been presented, speeds of the first 
response in the behavior chain were faster in 
differential conditioning than at the end of 
predifferential training, F (1, 45) = 96.43. 
This last finding provides the single excep- 
tion in the present study to the generaliza- 
tion that all PBC was totally under control 


of S+. 
Discussion 


Results of the present study clearly indicated 
that faster discrimination learning following 
greater amounts of consistently rewarded pre- 
training could not be attributed solely to prior 
experience with the discriminanda since neither 
discriminandum was presented during pretrain- 
ing. In addition, the facilitative effects of pre- 
training on discrimination were found to be 
most apparent in the increased rate at which 
speeds in S— decreased, rather than to any 
enhancement of PBC in S+. This latter fact 
can be most easily seen by referring back to 
Fig. 1 and comparing performance in S+ and 
in S— to the prediscriminandum portion of 
the trials for both of the groups during the 
early stages of discrimination. 

Both of the results just described are in 
agreement with Amsel’s (1962) frustrative 
nonreward account of the effects of prediffer. 
ential training on discrimination, as discussed 
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previously in the present paper. In terms of 
this theory, the present results are also in 
agreement with the finding of more rapid dis- 
crimination of differential reward magnitudes 
as a function of larger rewards during predif- 
ferential training (Platt & Gay, 1968). This 
parallel results from the assumption that num- 
ber and magnitude of rewards function simi- 
larly to increase r,, while nonreward and small 
reward function similarly to elicit Rp in the 
presence of large Bs 

The major exceptions to these generaliza- 
tions appear to occur in free-operant studies. 
Thus Terrace (1963) found that 21 prior ses- 
sions of variable-interval (VI) reward in S+ 
greatly increased the number and rate of re- 
sponses in a subsequently introduced S— which 
was never rewarded. Taus and Hearst (1968) 
recently reported that under Terrace's condi- 
tions, rate of discrimination is actually a non- 
monotonic function of amount of prior VI 
training in S+, so that the fewest S— responses 
occur after an intermediate amount of pre- 
differential training. 

An extremely large number of differences 
exist between the free-operant studies just de- 
scribed and discrete-trials experiments such 
as the present one. Nevertheless, certain points 
of discrepancy may be singled out as promis- 
ing factors in attempting to account for the 
different results which have been obtained un- 
der these two types of procedures. In the first 
place, discrete-trials procedures typically in- 
volve a number of distinctive interoceptive and 
exteroceptive cues which accompany the ter- 
mination of a trial and the attendant reward. 
Within this context, consistent reward training 
means that a perfect positive correlation is 
established between these terminal stimuli and 
reward. Since such exteroceptive cues are, in 
general, minimized by a free-operant VI pro- 
cedure and any remaining interoceptive cues 
are randomized with respect to reward, it is 
quite possible that free-operant VI training is 
much more like intermittent than consistent 
reward in the discrete-trials case. If this anal- 
Ogy is correct, then results such as Terrace's 
(1963) could be easily understood as a partial 
reinforcement extinction effect generalized 
from the predifferential stimuli to those pres- 
ent on S— trials. Such effects have been 
treated in terms of frustrative nonreward theory 
(Amsel & Ward, 1965). 

Another typical difference between free- 
operant and discrete-trials paradigms is related 
to the fact that any attempt to study the de. 
gree of emotional or aversive properties of 
nonreward in discrimination learning by ma. 
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nipulating predifferential training may also 
produce differences in the probability of E 
responding at the onset of discrimination train- 
ing. This problem would seem to be m 
larly acute in free-operant situations with 
time-contingent — discriminandum exposure. 
Studies such as Terrace's (1963) involved 
great differences in the density of nonreward 
reponding at the beginning of discrimination 
training. On the other hand, discrete-trials 
paradigms typically use response-contingent 
discriminandum exposure which serves to hold 
the number of nonreward responses constant 
until Ss refuse to respond to S— and a time 
criterion has to be imposed. Response-con- 
tingent discriminandum exposure should proba- 
bly be preferred if one is attempting to test 
theoretical propositions concerning the severity 
of nonreward, rather than its frequency ° 
Occurrence. 

Turning now to the behavioral contrast phe 
nomena found in the present study, it has al- 
ready been indicated that such effects did not 
suffice to account for the obtained differences 
in discrimination. In addition, PBC alone wa5 
not sufficient to account for the overall faster 
response speeds in Group S at the end of dis 
crimination learning since the speeds of Grou? 
M never approximated the  predifferenti? 
asymptote for Group S. » 

In spite of the seemingly inconsequenti^ 
role of PBC in development of the current dr 
crimination the present results, along wi 
those of Platt (1967), appear to provide th 
first clear demonstration of PBC in a discrete 
trials discrimination situation. Although m 
Amsel (1962) double-runway frustration effec 
may be so considered to the extent that it ja 
viewed as a discrimination between the fir 
and second runways (Daly, 1968). s 

The major objective of the present study a 
respect to PBC was to investigate the useft é 
ness of the delayed-discriminandum techniq" 
for establishing PBC base lines. The technique 
was largely supported in that prediscrimina" 
dum performance was comparable to prediffe e 
ential performance in Group S, except for t 
speed of initiation of the response chain. Som 
caution should, of course, be exercised in anne 
this result to justify the use of prediscrim!^ 
andum performance as a PBC base line, te 
conditions such as Group M which in princip e 
do not allow corroboration of its equivale 
to a prediscrimination base line, Further jus 1 
fication for this extension may be had, howe 1 
if it is pointed out that the prediscriminant p, 
stimuli in the present study received 50% 046 
ward. Since in discrete-trials situations, 
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reward has been found to produce response 
speeds comparable to or slightly greater than 
those produced by 100% reward (Goodrich, 
1959), the prediscriminandum base line would 
at least not be expected to overestimate PBC. 
It should be indicated that PBC observed in 
the present study may be treated within the 
Same general theoretical framework as were 
the pretraining effects. Various investigators 
(Amsel & Roussel, 1952; Terrace, 1963) have 
explained increases in response speeds in one 
stimulus, following reductions in reinforcement 
frequency in another stimulus, in terms of mo- 
tivational factors such as Ry. In the current 
results, both the sustained nature of PBC and 
its increasing magnitude toward the end of a 
ye ne chain suggest that motivational prop- 
to » of rp generalized from S— would have 
role. A an even more prominent explanatory 
nonr n Rp carrying over from a preceding 
the Cward trial. This explanation contains 
wih Geen contradiction of crediting resp 
incremental effects on response speeds in 
em los decremental ones in S=; This prob- 
there nay be resolved if it is remembered that 
avoid 1S ample evidence to indicate that the 
ine reactions initially evoked by sp are 
€rconditioned by approach responses in 
(Amsel & Ward, 1965). 
uu results obtained in the present study 
Bots Dot entirely unambiguous in respect = 
"hip decrements in discriminative contro 
“sulting from delayed presentations of the 
Scriminanda, Clearly, the response chain was 
Gta ene to control by exteroceptive dis- 
sup. Anda presented after its initiation since 
Stantial discrimination was obtained for all 
mane 9f discriminandum presentation. — rs 
result that any decrements in control that in 
tion o from delaying discrimination eg es 
exo, e Urred only in Group S might have € 
je Since the extended perduto 
More © Siven this group should m Et 
"ath Complete chaining than in Group M. T à 
ing (T Minimal evidence for any sort of chain 
tio in the present results suggests à nee 
" 9 the original rationale for using Toss 
Timinative control as an index of chaining. 
disa Eht be that under conditions of variag 
a minand lay, Ss made a series 0 
cneq I il the dis- 
Crip: ^ OF nonchained responses unti he 
ate mandum was obtained and only ne = i- 
Proces, final chain if S+ occurred. bey ta 
in 88 would, of course, be even more He» 
Sho OUD M than in Group S since the former 


ing ld not have entered differential condition- 
ing, With well-established chaining- If this 
SR he useful- 


Pretation proves to be correct, t 


ness of loss of discriminative control as an 
index of chaining may be limited to situations 
in which the discriminanda are only infre- 
quently delayed. 
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EFFECTS OF OVERTRAINING ON THE ACQUISITION 
OF INTRADIMENSIONAL AND EXTRA- 
DIMENSIONAL SHIFTS: 


BRYAN E. SHEPP? anp FRANK D. TURRISI ? 


Brown University 


Three groups of Ss were given 0%, 100%, 


transfer to a second discrimination, 


the Ss in each overtraining group were 1 
shift and half were trained on an extradimensional (ED) shift. 


were superior to ED shifts, 
action was observed. With 
became progressively easier, 
difficult. 


or 30076 overtraining prior to 


In the second discrimination, half of 


trained on an intradimensional (ID) 
ID shifts 


and an Amount of Overtraining X Shift inter- 


an increasing amount of overtraining, ID shifts 
whereas ED 
The results were interpreted 


shifts became progressively more 
as supporting an assumption of 


two-stage theories of discriminative learning, which implies that the proba- 


bility of attending to the relevant stimulus d 


amounts of overtraining. 


Several chaining or two-stage theories of 
discriminative learning have assumed that 
Ss, in learning a discrimination, learn to 
attend to the relevant stimulus dimension 
and learn to approach the correct cue on that 
dimension (Goodwin & Lawrence, 1955; 
Lovejoy, 1966; Sutherland, 1959 ; Zeaman 
& House, 1963). These theories assume 
that both attention and instrumental re- 
Sponses are transferred to subsequent dis- 
criminations, and several varieties of trans- 
fer situations have been used to establish the 
validity of such views. 

The most direct test of two-stage theories 
is the experimental comparison of an intra- 
dimensional (ID) with an extradimensional 
(ED) shift. Prior to transfer, Ss are 
trained on a discrimination in which, e.g., 


form (e.g., square and circle) is relevant and 


color (eg, red and green) is irrelevant. 
Following the acquisition of this problem, Ss 
are trained on a second discrimination in 
which new forms (e.g., triangle and cross) 
and new colors (e.g., blue and yellow) are 


1 This research was Supported by Research Grant 
HD 01349 from the National Institute -of Child 
Health and Human Development. The authors 
ae to isms or ee for the cooperation 
and assistance of John Smith, Superin 
lp perintendent of 
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E. Shepp, Department of Psychology, Brown Uni- 
versity, Providence, Rhode Island 02912. 

? Now at Florida State University, 
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imension increases with increasing 


presented. Half of the Ss are trained on an 
ID shift in which form and color are still 
relevant and irrelevant, respectively, The 
remaining Ss are trained on an ED shift i? 
which form is irrelevant and color is rele- 
vant. During acquisition of the initial dis- 
crimination, all Ss are assumed to have 
learned to attend to the form dimension 
Since form is relevant to the solution of the 
ID shift, positive transfer of the previously 
learned attentional response is arranged, a” 
Ss are required only to learn which of tht 
two new forms is correct. However, since 
color becomes relevant in the ED shift, trans- 
fer of the attentional response is negative 
To solve the ED shift, Ss must extinguis! 
the previously learned attentional response 
and learn the appropriate attentional and i” 
strumental responses, Given these trans 
fer arrangements, chaining theories predict 
that an ID shift will be learned faster tha? 
an ED shift. The results of several studies 
have confirmed this Prediction ( Campioni 
Hyman, & Zeaman, 1965; Furth & Youniss: 
1964; House & Zeaman, 1962; Shepp 
Eimas, 1964.) 
Two mathematical versions of these tw 
stage theories predict details of learning pn 
transfer data which other theories do B) 
Predict. One such version is the “one-lo0 f 
model proposed by Zeaman and Hous 
(1963), and the other is Lovejoy’s (1966) 
“two-stage” model. For present purpose? 
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only assumptions that are common to both 
models are considered. The models assume 
that a stimulus situation consists of a set of 
^ relevant and irrelevant dimensions, each 
of which can elicit an attentional response 
(Oi) with a certain probability (Po;). A 
further assumption is that only one of the 
Competing responses, e.g., Oy, is effective on 
any given trial. Attention to a dimension 
exposes the specific cues (e.g. Si, Sx’) of 
that dimension, and an approach response to 
S: or S^; may be made with the conditional 
Probabilities Pra, and 1— Pra», respec- 
tively, 
aoe important feature of these models is 
jn m in which reinforcement and non- 
orcement are assumed to affect the 
E Obabilities of the attentional and instru- 
ental responses, The probabilities of all 
oe responses in any given situation are 
Met to change on every trial. The at- 
A aul response that is elicited on a trial 
Shee oP reinforced or extinguished, and 
spon the probabilities of the attentional re- 
fone must sum to 1.0, the nonelicited at- 
or ‘onal responses are indirectly reinforced 
extinguished, If, e.g., O1 is elicited, then 
pe 1s increased by reinforcement or iow 
lead ed by extinction. An increase in oi 
att S to a decrease in the probabilities o 
ending to other dimensions. Analogously, 
feu in Po, results in an increase of at- 
tion on to other dimensions. Unlike p 
Spon Probabilities, not all instrumenta E 
s Se probabilities change on every triat. 
Modine’ tendencies to specific cues are 
Tes ined only on trials when the Logan 
edad that exposes the cues is directly 
ntorced or extinguished. For example, 


h S ne E 
* conditional probabilities of approaching 
; is elicited, 


1 

as S^; are changed when O C 
e, T€ unaffected on trials when Os is 
ited, 


Asa Consequence of these assumptions, the 


“dels predict that the probability of the 
“hy attentional response Lip: mame 
bilig. Ptote more slowly than does the pro a- 
Ty,” Of approaching the positive stimulus. 
trai S with a weak criterion or a few over- 
to ning trials, the probability of attending 
Ne relevant dimension may be less than 


asymptotic value, although Ss consistently 
choose the correct stimulus. However, with 
increasing amounts of overtraining, the prob- 
ability of attending to the relevant dimension 
increasingly approximates an asymptotic 
value. 

The experimental consequences of these 
assumptions are clear. As the amount of 
overtraining is increased, acquisition of an 
ID shift should become increasingly facili- 
tated, whereas the acquisition of an ED 
shift should become increasingly more diffi- 
cult. The present study tested these predic- 
tions of the two-stage models. 


METHOD 


Subjecis.—The Ss were 64 experimentally naive 
retardates who were institutionalized at the Joseph 
H. Ladd School. The Ss were assigned randomly 
to experimental groups without regard to diagnostic 
category or sex. The mean IQ of Ss was 39.54 
(range: 27-56) and the mean mental age (MA) 
was 73.52 mo. (range: 47-109 mo). 

Apparatus.—Ihe Ss were trained on a modified 
Wisconsin General Test Apparatus. The E and S 
sat facing each other at a table, with a one-way 
vision screen interposed. A stimulus tray was pre- 
sented directly in front of S by pushing it through 
a space beneath the one-way screen. A stimulus 
object was placed over each of two foodwells sep- 
arated by 12 in. from center to center. The entire 
apparatus, except the screen, was painted gray. 

The stimuli were stereometric objects composed 
of all combinations of seven forms (triangle, 
square, circle, diamond, cross, T, and star) and 
seven colors (red, green, yellow, orange, blue, 
brown, and black). The objects were cut from 
ł-in. pine and were 3 in. high and 3 in. wide at the 
point of maximum width. The stimuli were 
mounted vertically on gray bases. 

Each correct response was reinforced with one 
piece of cereal, a "Crispy Critter." 

Procedure.—Each S was taken to the laboratory 
and told that he was going to play the "cookie 
game" After S was seated in front of the 
apparatus, E baited one of the foodwells and, with 
both wells uncovered, pushed the tray in front of 
S. The E then said, "Find the cookie,” pointing 
to the baited well if S did not retrieve the reward, 
When S could quickly retrieve the reward, the 
baited well was covered with a multidimensional 
(junk) object, and S was again instructed to find 
the cookie. The position of the reward was varied 
from trial to trial by a Gellermann series. When 
S could easily dislodge the object and retrieve the 
reward, discrimination training was begun, 

All Ss were trained on a two-choice visual 
simultaneous discrimination in which one dimension 
was relevant and one dimension was irrelevant, 
The irrelevant dimension was presented in a vari- 
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able-within manner such that a dimension, e.g. 
color, was represented by two values, [2:2 red and 
green, on each trial During the training series, 
each irrelevant stimulus was presented half of the 
time on the right and half of the time on the leit. 
In each position, each irrelevant stimulus. was paired 
half of the time with the positive stimulus and 
half of the time with the negative stimulus. Hali 
of the Ss were trained with form as the relevant 
dimension and color as the irrelevant dimension; 
the remaining Ss were trained with the converse 
arrangement. A pair of stimuli of each dimension 
was chosen randomly from the set to compose the 
discrimination jor cach S, and the correct stimulus 
of the problem was designated randomly. 

On each training trial, E baited a food well, 
positioned an object over each well, and pushed the 
tray in front of S. The first response of cach trial 
was verbally reinforced ("Good") or punished 
("No") by E. A correction procedure was used, 
and when S obtained the reward, the tray was 
withdrawn and a new trial was begun. [ach 5 
was trained for 40 trials a day until a criterion of 
nine correct responses in any 10 trials was reached. 
The Ss who did not learn in 200 trials were 
dropped from the experiment. The Ss who learned 
the first discrimination were assigned randomly 
to one of three overtraining conditions. The 
criterion group (NOVT) received no overtraining 
and was trained on a transfer task on the day 
aíter criterion was reached. A second group 
(100-OVT) was given 100% overtraining, and the 
remaining group (300-OV T) was given 300% over- 
training. The base used for the administration of 
overtraining was the number of trials required by a 
given S to reach criterion. For example, an S 
who required 50 trials to reach criterion was 
given 50 trials oí overtraining as a member of 
100-OVT or 150 trials of overtraining as a member 
of 300-OVT. On the day after each S finished 
overtraining, training on the transfer task was 
begun. 


In the transfer task, the visual dimensions pre- 


sented in the original discrimination were used 
again and the irreleyant dimension was presented 
again as a variable-within array. The stimuli 
of Problem 1 were replaced by new ones in the 
transfer task. Half of the Ss in each overtraining 
group were trained on an 1D shift and half were 
trained on an ED shift. In the ID shift the rele- 
vant and irrelevant dimensions of original learning 
are unchanged in the transfer problem. In the 
ED shift the relevant dimension during acquisition 
is made irrelevant and the previously irrelevant 
dimension is made relevant. Otherwise, the pro- 
cedures used in acquisition were used in transfer. 
and, again, Ss were trained to a criterion of either 
nine correct responses in 10 trials or 200 trials. 


RESULTS 


Sixteen of 64 Ss trained on the original 
discrimination failed to learn within 200 
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trials. For 9 of these Ss, color was rele- 
vant, and for 7 Ss, form was relevant. A 
t-test comparison of errors to criterion be- 
tween all Ss who were trained with color 
relevant and all Ss who were trained with 
form relevant revealed no significant differ- 
ence, £ (62) = 23, p > .05. 

The remaining 48 Ss who learned Prob- 
lem 1 were evenly divided among the six 
experimental groups; 4 Ss in each group 
were trained with form relevant, and 4 Ss 
were trained with color relevant. All data 
were analyzed in a 2 (shift) x 3 (overtrain- 
ing) X 2 (dimensions) factorial design. . 

MA and IQ analyses—An analysis 0! 
variance was run on both the MA and IO 
scores of Ss. These analyses indicate that 
there are no reliable differences betwee" 
conditions with respect to either MA or IQ. 
p> .05. f 

Original learning.—Original learning wae 
analyzed by using both the number of trials 
to last error and the number of errors Te 
quired by each S to reach criterion. Np 
main effect or interaction approached signi/t" 
cance in either analysis, p > .05. . 

Transfer.—The measures used in the 
analysis of the transfer data were the numbet 
of trials to last error and the number O 
errors to criterion. The distributions © 
these measures are similar, and since both 
measures reveal the same effects, only 9: 
analysis of trials to last error is reporte 
The 2 x 3 x 2 analysis of variance of thes¢ 
data revealed a significant main effect due t? 
shift, F (1, 36) = 4.5, p < .05, and a yc 
parison of the means indicated that ID sh! 
Ss required fewer trials to last error than ai 
the ED shift Ss. A marginally significan 
main effect was observed for dimensions, 
(1, 36) = 34, p < .10; form problems are 

easier than color problems regardless of typ? 
of shift. The most important theoretic? 
effect is revealed by the significant Shift x 
Overtraining interaction, F (2, 36) = uh 
b « 0l. The means of the trial to la 
error in order of increasing amounts of ove! 
training are 46.1, 35.9, and 1.8 for the I 
groups and 41.3, 31.5, and 120.5 for the E 
groups. Orthogonal comparisons for simp z 
effects indicate that the ED-300 gon 
showed negative transfer in comparison wit 
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the ED-0 and ED-100 groups, t (30) = 33, 
$ < 01, whereas the latter groups did not 
differ reliably, p >.05. Orthogonal com- 
Parisons of the ID groups did not reveal any 
M nuni differences. Since an inspection 
b the data reveals a rather obvious difference 
etween the ID-300 groups and the other 
"wies. further tests for simple effects 
The tee with the Mann-Whitney test. 
ID.0 D-300 group differs reliably from the 
cult and ID-300 groups p < .05. A diffi- 
fom e evaluating the ID shift differences is 
oe with the small variance of the 
ER P in the 1D-300 group. A comparison 
vidas Variance with the largest variance 

Sa maximum F (6, 7) = 387.8, p< 
fully ae logarithmic transformation success- 

7 normalizes the data, maximum F (6, 
= 102, p > 05, and a 2 x 3 X 2 analysis 


GE uc 
that ariance of the transformed data shows 
main effects due to dimensions and shift 
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Atte, Tete: $- n 
ngi, © Conditio = number of inferre 
E E t A hoes t the start of the 


Q0, Oo rel i ion a 
Stip SU evant dimension t'o i 
in Ne positive cue at the start of training, giv 
b Peeti imension; 9, and 6. = learning rate are 
tiep ey. The abscissa locus of each of the bac 


ar group.) 


ior ID and E 


4 dimensions compe 
transfer probler 
ven that attention 
eters for the a f 
kward learning curves 1s 


and the Shift X Overtraining interaction are 
significant. More importantly, orthogonal 
comparisons of the ID groups show that 
ID-300 differs reliably from ID-0 and ID- 
100, ¢ (36) 2 2.5, p < .02. 

Another measure of transfer is the com- 
parison of shift performance with acquisition. 
The 1D-300 group showed significant posi- 
tive transfer, ¢ (7) =4.5, p < .01, whereas 
the ED-300 group showed significant nega- 
tive transfer, ¢ (7) — 26, p < .05. No 
other group showed either negative or posi- 
tive transfer, p > .05. 

The data of the study are plotted (see Fig. 
1A) as backward learning curves (Hayes, 
1953). In Fig. IB is shown a family of 
computer-generated "stat-children." These 
theoretical curves show the relationship be- 
tween the length of the presolution plateau 
and the probability of attending to the rele- 
vant dimension, Poa) (Zeaman & House, 


(B) THEORY 
(stat - children,n= 20) 


99 =.50 - 001 


Pot)" 


TRIALS 
D shifts after 0%, 100%, and 300% overtraining ; 


ting for attention ; Pou.» = probability of 
blem; Pra,» = conditional probability of 
has been directed to the relevant 
ttention and instrumental responses, 
that of the median S of a 
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1963). This relationship between Poa, and 
the presolution plateau implies that increas- 
ing the amount of overtraining should in- 
crease the length of the presolution plateau 
for the ED shift but reduce it for the ID 
shift. The agreement between the two sets 
of curves confirms the predictions of the 
model. By inspection, the postplateau slopes 
do not differ, and although the presolution 
plateaus of the data appear to be more vari- 
able than the theoretical plateaus, the former 
plateaus do not violate an assumption of 
stationarity, ¢ (15) =1.3, p> .05. 


Discussion 


The Amount of Overtraining X Type of 
Shift interaction agrees with predictions of the 
models by Zeaman and House (1963) and 
Lovejoy (1966). The models assume that the 
probability of observing or attending to the rele- 
vant dimension approaches an asymptotic value 
more slowly than does the probability of ap- 
proaching the correct cue. Thus with a weak 
criterion or a few overtraining trials, the rele- 
vant observing response may be relatively weak, 
although Ss are consistently correct in their 
choices. With increasing amounts of overtrain- 
ing, the relevant observing response becomes 
stronger and transfer to subsequent discrimina- 
tions becomes greater, Consequently, when the 
relevant dimension in acquisition remains rele- 
vant in a second discrimination (ID shift), 
positive transfer is arranged and the second 
discrimination should be increasingly facilitated 
with increases in the amount of overtraining. 
When, however, the relevant dimension in ac- 
quisition is made irrelevant in a second dis- 
crimination (ED shift), negative transfer is 
arranged and the discrimination should be in- 
creasingly impaired with increases in over- 
training. The performances of the ID-300 and 
ED-300 Ss relative to the other ID and ED Ss 
can be described accurately by the models. 

Zeaman and House (1963) also predict 
Specific details of the learning functions in 
transfer. The theoretical learning curves 
in Fig. 1B show that length of the presolution 
plateau varies inversely with the initial proba- 
bility of observing the relevant dimension. 
Moreover, Zeaman and House have also shown 
that the manipulation of the learning rate 
parameters, 9, and 6,, does not produce a family 
of curves resembling those in Fig. 1B. With 
increasing amounts of overtraining, the initial 
probability of observing the relevant dimension 


at the beginning of transfer becomes higher for 
an ID shift and lower for an ED shift. Conse- 
quently, the plateau should become shorter as 
ID Ss are given increasing amounts of overs 
training, whereas increases in overtraining 
should lengthen the plateau for ED Ss. An B 
spection of the functions in Fig. 1A and E 
indicates that the theoretical and empirical 
curves agree. No attempt has been made to 
estimate parameter values precisely. The values 
used to generate the “stat-children” have been 
used previously to compare theoretical an 
empirical functions (Shepp & Zeaman, 196 
and were chosen to approximate the form al 
order of magnitude of the empirical functions: 
Although Lovejoy (1966) has not presente? 
these types of theoretical curves, the assump 
tions of his model clearly imply them. X 
The results of other shift studies in bos. 
the amount of overtraining has been varied ^ 
Wolff, 1967) cannot be easily compared wi y 
the present results. In the present study, m 
stimuli of both the relevant and irrelev?" 
dimensions were presented in transfer, allow” 
ing the direct assessment of attentional ge 
fer. In contrast, most previous studies pe 
retained in transfer one or more relevant C" 
that were presented in original learning an 
not, therefore, permit a direct assessment 
attentional transfer. However, two prev! 
investigations have compared ID and i 
shift performances as a function of the emi 
of overtraining. Eimas (1966) reports p" 
ID shifts are facilitated by overtraining; ie" 
present results agree. In addition, Eimas y 
ports that ED shifts also are facilitated 
overtraining, a result not in agreement bos 
the present study. The many procedural differ. 
ences between the two studies preclude a es 
comparison ; however, there are two metho? m 
logical problems associated with Eimas' exper 
ment that require a cautious interpretation ed 
his results. First, several Ss were dropP: 
from the experiment for failure to maint ^. 
criterion during overtraining, a selection Ls. 
which would tend to favor the overtrai? 
groups. Second, two of the ED shift pe 
groups were markedly inferior to all ot 
groups in original learning. This uncorféC ig 
sampling bias makes the performances du" 
transfer difficult to interpret. an 
Furth and Youniss (1964) report that ing 
ID shift is superior to an ED shift follow es: 
both criterion and overtraining proce e d 
Overtraining had no effect on either shift p- 
no Shift X Overtraining interaction WaS ef^ 
Served. Unfortunately, differential novel 


ous 
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fects made these results difficult to interpret. 
Novel relevant stimuli were added to the ID 
shifts, and novel irrelevant stimuli were added 
to the ED shifts. Since responses to novelty 
alone could have produced the effects observed 
y Furth and Youniss, the experiment does 


not serve as an adequate test of the theoretical 
models. 


REFERENCES 


CAMPIONE, J., Hyman, L, & ZeAMAN, D. Dimen- 
Sional shifts and reversals in retardate discrimi- 
mation learning, Journal of Experimental Child 

„Psychology, 1965, 2, 255-263. 

“IMAS, T D. Effects of overtraining and age on 
imtradimensional and extradimensional shifts in 
children, Journal of Experimental Child Psy- 

, "ology, 1966, 3, 348-355. 

ORTH, H, G., & Youxiss, J. Effect of overtrain- 
pj on three discrimination shifts in children. 
pirat of Comparative and Physiological Psy- 
c ology, 1964, 57, 290-293. 
Gi VIN, W. R, & Lawrence, D. H. The func- 
Ee independence of two discrimination habits 
Ssociated with a constant stimulus situation. 
ae of Comparative and Physiological Psy- 
099, 1955, 48, 437-443. 


Hayes, K. J. The backward curve: A method for 
the study of learning. Psychological Review, 
1953, 60, 269-275. 

Houser, B. J., & Zeaman, D. Reversal and non- 
reversal shifts in discrimination learning of 
retardates. Journal of Psychology, 1962, 63, 
444—451. 

Lovejoy, E. Analysis of the overlearning reversal 
effect. Psychological Revicw, 1966, 73, 87-103. 
SurzPp, B. E, & Ermas, P. D. Intradimensional 
and extradimensional shifts in the rat. Journal 
of Comparative and Physiological Psychology, 

1964, 57, 357-361. 

Suerp, B. E, & Zeaman, D. Discrimination 
learning of size and brightness by retardates. 
Journal of Comparative and. Physiological Psy- 
chology, 1966, 62, 55-59. 

SUTHERLAND, N. S. Stimulus analyzing mecha- 
nisms. In, Proceedings of a symposium on the 
mechanisation of thought processes. Vol. 2. 
London: Her Majesty's Stationery Office, 1959. 

Wotrr, J. L. Concept-shift and discrimination- 
reversal learning in humans. Psychological 
Bulletin, 1967, 68, 369-408. j 

Zeaman, D., & House, B. J. The role of attention 
in retardate discrimination learning. In N. R. 
Ellis (Ed.), Handbook of mental deficiency. 
New York: McGraw-Hill, 1963. 


(Received January 16, 1969) 


al of Experimental Psychology 
1959. Vol. 82. No. 1, 52-63 


SUBJECTIVE AVERAGING OF LENGTH WITH 
SERIAL PRESENTATION ! 


DAVID J. WEISS? ano NORMAN H. ANDERSON 
University of California, San Diego 


The Ss estimated the average of several lengths presented serially one at a time. 
In Exp. I, the judgment was made only at the end of the sequence. In Exp. II, 
S estimated a cumulative average as each new length was presented. The main 
phases of these experiments used sequences of six lengths. For the most part, 
each S’s data could be described by a subjective averaging model as tested in 
single-S analyses. There was a general recency effect, the later lengths in the 
sequence having greater influence. Recency was fairly uniform across Ss with 
the end responding procedure of Exp. 1, but large individual differences in the 


serial position curves appeared with the continuous 


Exp. II. In Exp. III, two h 
but received little support. 


responding procedure of 


ypotheses about the cause of recency were tested, 
Functional measurement technique showed that 


subjective length differed from objective length, apparently by a constant error 


foreach S. It was noted that the 
physical scaling of other stimulus 


Suppose that you are shown several lines, 
one at a time, and asked to estimate their 
average length. Can your response be 
described as a mathematical average? If 
SO, is it an arithmetic mean, geometric 
mean, weighted midpoint, or some other 
measure of central tendency? The present 
experiments were designed to consider this 
question. They test a subjective averaging 
model for length. 

Averaging model.—Th 
of the model is that 
Serial Position N i 


€ basic assumption 
the response (R) at 
$ simply a weighted sum: 


[1] 


Here w, is the weight of the kth stimulus, 
and s, is its scale value. For the present 
application, it is assumed that the wr sum 
to unity across serial positions, so that 
Equation 1 is an arithmetic averaging 
model. 

Two further restrictions are also made. 
First, the weight of any stimulus is assumed 
to depend only on seria! position. Second, 
the scale value or subjective length of any 
stimulus is assumed to be constant, inde- 


N 
Rx = È wisp. 
1 


1 This „work was supported by National Science 
Foundation Grants GB-3913 and GB-6666. 

? Requests for reprints should be sent to David J. 
Weiss, Department of Psychology, University of 
California, San Diego, P. O. Box 109, La Jolla 
California 92037. i 
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present methods could be applied to psycho- 
dimensions. 


pendent of the other stimuli in the $€ 
quence. Different Ss, of course, will have 
different weights and scale values, but thi? 
is taken into account in applying the mode + 
Goodness of fit. —1f mathematical correct 
ness were taken as the standard, ge 
sources of inaccuracy might arise. Bee 
subjective length might differ from obje“ 
tive length. Second, the serial position’ 
might receive unequal weighting, E ne 
weight were related to the recency of k : 
memory trace. In either case, the 8" 
jective averages will generally be unequ? 
Both the aforementioned sources ON a 
accuracy are allowed by the model. The. 
correspond to values of w+ and s; that diffe 
from the arithmetically correct value” 
Neither of these inaccuracies, therefore 
poses any immediate problem. t 
There is a third source of inaccuracy [y 
would reflect adversely on the model bi 
applied here. If the stimuli interact WÍ n 
one another, or with serial position, er 
the model will not hold in general. s 
interactions might arise from psychoph óy 
cal assimilation or contrast, or from Ot 
sorts of context effects. the 
It is important, therefore, to test tive 
model, even while allowing for subje¢ r$ 
values of the weight and value param. ] 
that are specific to each S. Fortunato i 
testing is straightforward. If the st ign 
are constructed from a factorial de? 
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analysis of variance provides a direct and 
Powerful test of goodness of fit (Anderson, 
19622, 19642). 

Functional measurement.—If the model is 
Validated, it may be used to scale both sub- 
Jective length and the weights at each 
Serial position. This application of func- 
tional measurement is illustrated for the 
Present experimental design. 

In the main body of the present data, 
etin were just two lengths, 16 and 24 em., 
2 each serial position. The design yields 
erates of their observed differential 
cate (D) at Serial Position k. The theo- 

ical expression for D, is: 


[2] 


Since the difference in scale values (sz 
p.39) is the same at each serial position, 
"IS proportional to w, Hence, if each 
adhd divided by their sum, these quotients 
w, |9 Unity and provide estimates of the 
* These estimates define the serial 
Position Curve, 
usi ubjective length may also be scaled 
ng the model. At Serial Position W, the 
odel implies that 


D, = wy(sor — sic). 


N 

ED, =- S 

T ES E wilses — Sic) = Su — 519 
1 


Sin . 
rie the t, sum to unity. Also, the grand 


data, response equals (sz uii The 
and 4$ Provide estimates of both sum 

difference of the scale values and hence 
cà scale value separately. 


METHOD 
The 


blo, Same basic length-averaging task was em- 
ELI in all three station reported here. To 
Stina? © Saw three or six lengths in sequent m 
$ uen their average length at the end o 4 
In E Nee after the last length had been presente’ " 
that “P. II, the procedure was quite similar eer 
Meng, Stimated a running average, giving RI, E 
En 7 ter each successive length was presented. ra 
tio L a procedure of simultaneous-serial Sa 1 
the P Was introduced to test two hypotheses 2° ou 
Ang ne of the recency effect observed in Exp- 


X. P 

Perimens I . 
stimuli in 
ally on a 
The pro- 


this? Paratus and procedure—The line 
3x28 Periment were displayed horizont: 
* Screen using a rear projector. 


jected lines were black, .5 cm. wide, and ranged from 
14 to 26 cm. in length. The screen was 168 cm. in 
front of S, and the lines were displayed 28 cm. above 
the response panel. Each line was projected for 
4 sec., with an interstimulus interval of 2 sec. during 
which the screen was blank. Normal room illumi- 
nation was used. 

Responses were made by the method of reproduc- 
tion after the last line stimulus disappeared. By 
throwing a two-way, spring-loaded switch, S con- 
trolled a motor that adjusted the length of a looped 
horizontal white tape displayed in a panel 122 cm. in 
front of him. 

On E's side of the response apparatus, a marker 
attached to the response tape passed along a meter 
stick to monitor S's response. Responses were read 
to the nearest millimeter by E, who sat concealed 
behind a screen by the side of the response apparatus. 
After each sequence, E reset the white tape to zero 
length. i 

Design—In the main part of the experiment, 
there were six lengths in each sequence. At each of 
these six serial positions, the length could be long 
(24 cm.) or short (16 cm.). There are then 64 
possible sequences, and they form a 2* factorial 
design. = 

Each regular daily session included a repetition 
of the instructions, 4 practice sequences, a half repli- 
cation (32 sequences) of the basic design, plus 6 
interspersed filler sequences. The practice and filler 
sequences included lengths of 14, 18, 22, and 26 cm., 
as well as 16 and 24 cm., and some of these sequences 
also served as end anchors. Although end effects 
did not seem likely with a continuous, unmarked 
scale, these anchor sequences were an extra pre- 
caution against distortion of the effective response 
scale. i 

After an initial practice day, each S was run in 
eight daily sessions, yielding four replications of the 
main design. This was followed by two sessions in 
which sequences of three lengths were judged. 
Analogous to the main design, this yielded a 28 
design; each S was run through it four times each 
session. " . 

Subjects and instruciions.—The Ss *were eight 
students who received $1.85 for each of the 11 
sessions. They were told to estimate the average 
length of the six (or three) lengths in each sequence, 
and some preliminary sequences were used to ensure 
that they understood the task. 


Experiment II 


General procedure was similar to that of Exp, I, 
except that .S responded after each length of the 
sequence, giving the running average of the lengths 
he had seen so far. In addition, the stimulus dis- 
play and response panel were somewhat different. 
Experiment II was run before Exp. I, but is pre- 
sented second for expositional simplicity. 

Apparatus amd procedure.—The line stimuli in 
this experiment were sticks, 1 cm. in diameter, 
painted black, and of the same lengths as used in 
Exp. I. They were presented singly between guides 
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on the table 60 cm. in front of SS and centered about 

25 cm. left of the zero region on the response 
s. 

oo were made with the stick present. 

Responding was self-paced and generally required 

4-5 sec. per length. A complete sequence of six 

lengths required about 1 min. . J 

The response apparatus consisted of a meter stick 
surmounted by a brass rod that held a sliding indi- 
cator about 5 cm. above the table. On the side 
facing S, the meter stick was covered with black felt, 
except for the rightmost 20 cm., which was white. 
The black-white boundary served as the zero refer- 
ence from which S estimated the average length. 
Within each sequence, the response indicator re- 
mained at the last response until S made his new 
estimate. At the end of each sequence, S returned 
the indicator to the zero position. 

The E sat on the other side of the table from .S, 
presented each stick in turn, and recorded the re- 
sponse by reading the meter stick to the nearest 
millimeter. Except for the one present stimulus, the 
sticks were concealed from .S behind a small blind. 

Design: Phase 1.—In the main part of the experi- 
ment, there were six lengths in each sequence. At 
each of these serial positions, the lengths could be 
long (24 cm.) or short (16 cm.). As in Exp. I, there 
are thus 64 possible sequences and they form a 28 
factorial design. 

Each regular daily session included a repetition 
of the instructions, four practice sequences, a half 
replication (32 sequences) of the 2° design, plus six 
interspersed filler sequences. Practice and fillers 
were the same as in Exp. I. Each S served one 
practice and eight regular sessions, yielding four 
replications of the basic design. 

Design: Phase 2.—1n this phase, 10 lengths were 
used in each sequence in order to obtain serial curves 
for longer sequences. Procedure was the same as in 
Phase 1: a 2* design was again employed. To com- 
press 10 serial positions into six factors, each of the 
first four pairs of serial positions was treated as a 
factor, each with the same two levels. One level 
consisted of 14 cm. followed by 18 cm.; the other 
level consisted of 22 cm. followed by 26 cm. The 
levels of the last two factors, Serial Positions 9 and 
10, were 16 cm. and 24 cm., as before. Each S went 
through the complete design twice at the rate of 
one-quarter replication per day. 

Subjects and dnsiructions.—Undergraduate Ss re- 
ceived $1.85 per session, except for S4, a department 
Secretary. An initial squad of four Ss was run 
through both phases of the experiment. The data 
supported the model, but there were large individual 
differences in the serial position curves. To get 
more information on the distribution of individual 
differences, 5-510 were then run through the 
Phase 1 design. 

Running average instructions were employed. 
The Ss were told to simply estimate the length of 
the first length, then the average of the first two 
lengths, etc. This pointer position was then to be 
changed to incorporate each new length in the 
cumulative average. A movement of the pointer 
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was required at each stimulus presentation; how- 
ever, S was told that he could move it very slightly, 
or away and back. 


Experiment IIT 


A simultaneous-serial presentation procedure was 
employed to test two hypotheses about the recency 
effect. The main procedural change was to present 
several lengths simultaneously in the first serial 
position. Thereafter only one length at a time was 
presented, and S responded after each presentation 
with a running average, as in Exp. II. 

Apparatus and procedure.—The response appa 
ratus was the same as in Exp. I. The stimuli were 
sticks, as in Exp. II, ranging 10-28 cm. in 2-ci 
steps. Stimulus presentation was the same as I" 
Exp. II, except that from 1 to 5 lengths might be 
shown simultaneously on the first serial presentation 
of a sequence. When several lengths were show. 
together, they rested on separate guides parallel E: 
the response panel, with the sticks placed hap- 
hazardly among themselves. Responding was 567" 
paced and generally required about 10 sec. per 1° 
sponse for the naive Ss of this experiment. 

Design.—There were seven basic conditions, n 
shownin Table3. The first number in the condit 
designation is the number of lengths presente i 
gether in the first serial position. Thus, in C 
4-1-1, four lengths were shown together initia ; 
then the next two serial positions had one leng 
each, for a total of six lengths. “foring 

Six different pairs of lengths, each pair differ 
by 8 cm., were used for the first five conditions lis ja 
in Table 3. Length pairs were balanced over Se m 
positions with a 6 X 6 Latin square, as in Ande 
(1964b). Asa consequence, the lengths in the init! 
presentation were all different for the first 
conditions. he 

For the last two conditions listed in Table 3, i n 
four or five lengths presented in the initial positio" 
were all equal. It was thought that this would P" e 
duce greater confidence in the estimated aver? 
than when the first four or five lengths were ° 
different, thereby reducing the recency effect. | (5 

Each S judged a total of 64 sequences, from 4 " 
16ineach of the seven conditions. As in the previo] 
experiments, these were constructed from factor. 
designs in order to allow estimation of the wel£ er 

associated with each serial position. For the lone" 
sequences, this required use of fractional replicat" 
(Cochran & Cox, 1957). ate 

Subjects and instructions —The 24 undergradu? e 
Ss were each paid $1.00 plus class credit for ose 
1.5-hr. session. Instructions were similar to t 
used in the first two experiments. 


as 


RESULTS 


I 
The main tests of the model, in EXP: f 
and II, were made by applying analys!§ ch 
variance separately to the data of p 
single S. The theoretical basis for t 
analysis has been noted previously: 
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here it need be kept in mind only that the 
model implies that the interaction terms are 
zero. The within-replicates variability was 
used as the error term in these single-S 
analyses. Certain group analyses were also 
made for various purposes. In these, of 
course, the error term is the appropriate S 
Interaction, 


eus ma difficulty that is partly an embarrass- 
See reporting these analyses because of the 
à com S čok interactions. With six serial positions, 
lese plete factorial yields 57 interaction terms, and 
Over. i to present in simple form. | More- 
ions nee so many tests, just about three interac- 
leve] Mes be expected to be significant at the 205 
so F chance alone. It is desirable to avoid testing 
nder. Interactions if that can reasonably be done 
Written in 1968). A few remarks on this question, 
Venie; isn light of subsequent results, may con- 
ntly be included at this point. 
number Seem to be three main ways to reduce the 
*mplo of interactions tested. One method is to 
1957 Y confounding procedures (Cochran & Cox, 
just q d or instance, a 2° design in $ replicate leaves 
Tedu Or a test of pooled interactions. It also 
ces the number of stimulus sequences from 64 
applic, feature that is useful in many experimental 
ations (e.g., Anderson, 1964b). : 

m d method is to apply partial analysis (An- 
interact; 968). With partial analysis, high-order 
Broun ‘Ons are not tested when there is reasonable 
lated Hs expect that they will be negligible. Re- 
Particutat tus is the third method, which focuses on 
i War interactions or other tests in which there 


wn 


largely in the two-way interactions of successive 
serial positions. 


Since this was an initial investigation of 
length averaging and since a previous ex- 
periment on loudness averaging (Parducci, 
Thaler, & Anderson, 1968) had raised some 
doubt about the model, it was decided to 
employ a complete design and analysis. 
Fortunately, the general pattern of the 
results supports the use of the aforemen- 
tioned methods to reduce the number of 
interactions tested. In fact, confounding 
formed an essential part of the design in 


Exp. III. 


Experiment I 

In this experiment, the response was 
made only at the end of the sequence. Two 
aspects of these data are of interest: first, 
the test of the averaging model; second, the 
serial position curves. 

Goodness of fil.—A summary of the tests 
of the model is given in Table 1. The tabu- 
lations include all separate interactions that 
were significant for each S, together with 
an overall F ratio based on all interactions 
pooled. The main data, for sequences of 
six lengths, are in the left half of the table. 
Since the 2? design has 57 interaction terms, 
an average of 3 separate interactions would 


a 8 i 1 . H 
model (9 Tason to expect discrepancies rom be expected to be significant by chance 
Pattern, © located. For example, contrast or othe n such a rough assessment, S1 
terning effects might be expected to appear alone. O 8 ? 
TABLE 1 


SUMMARY TEST OF Fit, Exp. I 


es Three-length sequences 
ix-] h sequenct 
S Six-length seq i 
Interacti MS. Interaction re Interactions") MSe nferaction ys 
EB 1 n ane 70 3.88* 
1 12,23, 25 2 95 2.11* 910 123 3 7 A 
135, 145, 146, 345, i: 
2 — 1256, 1356, 12346 "m .956 None .98 51 996 
3 lise 1.59 8 $531 | None | 114 26 | ‘See 
4 256 us ‘31 963 123 A1 | 10667 | o; 
S 12, 34, 46 E 114 923 None 2.26 43 ‘098 
6 M p 1.25 902 None 1.76 44 .995 
PES | 953 123 19 3.50* | 995 
: a Le E 1944 123 184 3.87* 1092 
VE iei ding serial position. 
b pde numbers imdi RE tions; each digit represents correspon 
i Gore or pooled interactions — 37 and 192 
tatio far Observed, predicted). dun 


* pooled interactions, df 
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clearly deviates from the model, showing 11 
separate interactions, as well as a significant 
pooled interaction. The other seven Ss 
appear to satisfy the test of fit reasonably 
well. 

Inspection of Table 1 fails to show any 
clear pattern among the significant inter- 
actions; e.g., each serial position is repre- 
sented with nearly equal frequency. In- 
spection of the data tables for the two-way 
interactions also failed to show any pattern. 
However, it was possible to localize the 
discrepancies for S1 in a single sequence. 
Inspection of the raw data showed an un- 
usually high response to that sequence con- 
taining the longer length at all six serial 
positions. Subtracting a constant, 3.9 cm., 
from the response to each replication of this 
sequence reduced the number of significant 
interactions from 11 to 2, about what would 
be expected by chance. No other unusual 
responses were found, and the cause of this 
one discrepancy is unknown. 

Deviations from the model that were 
consistent across Ss would tend to show up 
in the overall test. In this group analysis, 
however, only two high-order interactions 
were significant, no more than would be 
expected by chance. This situation re- 
mained unchanged when the pooled within- 
Ss error on 1,536 df was used for all the 
tests. These results suggest that what real 
discrepancies there are from the model are 
idiosyncratic. They may present diffi- 
culties, but they do not reflect any uniform 
preceptual effect. 

The right half of Table 1 shows the 
summary for the last phase of the experi- 
ment, in which each sequence had three 
lengths. No two-way interactions were 
significant, but four Ss show a significant 
123 interaction. However, it took a differ- 
ent form in each case and did not approach 
significance in the group analysis, even 
when tested against the pooled within-S 
error on 448 df, 

The seriousness of the interactions de- 
pends heavily on their magnitudes. It is 
not feasible to report these in detail, but 
two data columns in Table 1 have relevant 
information. The first is the overall 
F ratio, already noted, which gives the 
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Fic. 1. Serial position curves, Exp. I. (Individus 
curves displaced upward, as indicated by repeat! 
ordinates.) 


magnitude of the total interaction compo 
nent relative to the error variability: 
These are all near unity, except for S1. THe 
second is the correlation between the ob: 
served mean response and that predicte 
by the model. These correlations are; }” 
effect, the ratios of the SS for main effec? 
to the total SS for systematic sources; 
Thus, the degree to which they fall short ° 
unity is an index of the relative size of E 
pooled interactions. Although these ©% 
relations seem satisfactorily high, they 
must be interpreted with due care. I 

particular, that smaller correlations 42" 
obtained for six lengths than for th/* 

lengths is almost entirely artifactual, aris” 

from the more numerous interaction te? 

in the former designs. 

Serial position curves.—These curves | 
Fig. 1, show the differential effect of the 2% 
and 16-cm. lengths as a function of a 
position. With one exception, the ann 
are fairly similar in shape, showing 4 e 
recency effect. For graphical clarity: 


in 
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Curves are separated vertically, as indicated 
in the graph. 

The calculation. and interpretation of 
these serial curves require a brief comment. 
The entry for Serial Position & is the differ- 
ence, D,, between two marginal means: for 
all those sequences that had the 24-cm. 
length at Position k, and for all those se- 
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quences that had the 16-cm. length at 
Position &. If the model is correct, then 
this observed difference is an estimate of 
Wi(Ses — Sie), where zw, is the weight for 
Position & and s», and si; are the subjective 
lengths of the two stimuli. If the differ- 
ence in subjective lengths is indeed constant 
across serial position (see Exp. II), then 


TABLE 2 
SuwMaRY Test or Fir: Six-LENGTH. SEQUENCES, Exp. II 
S. 
Interaction 
1 2 3 5 6 7 8 9 10 
SURE 
rial Position 6 on m — um 
ES 419 4.92 
6 s 
134 4.85| 648 
345 5.94 
1235 140 
1245 2 
1346 z: 4.82 
12345 7.18 
12346 1049] 4.79 
Mas 592| 223.77 48) isg18| 86.37| 175.22] 219.52 | 164.72] 61.85 
Ser; MSo (192 df) — 18592 (209 1L 7257| 85] 177| 08] 83, ST) 1.58 
val position $ 6.82 6.07| 8.90 
Er 408 4.70 
45 7.73 - 
b 3.89 42 5.58 
345 6.26 4.85 
12 6.6 
12348 6.75| 4.70] 4.44 
Maina 327.04] 343.48 | 62.08] 229.20 | 142.54 | 236.48 | 316.85] 209.04] 99.58 
Sen MS, (224 d 988.06 add xy] 263| 80] 145|  .01| 68|  .57| 1:45 
eri; S Ers :54 E E 
"al position 4 10.68 5.72| 8.09 7.96 
13 5.53 
A saol 553 - -— 
123 4.01 
: 10.21 4.40 
ud 456 21424] 367.90 | 368.73] 385,0 | 162.68 
ina , 78.05 | 105.13} 356.73 | 214. ; : ; 
Ss MS (240 4 des a 57805 |" | 0| 143| iso) 2| 49| 138 
1 bell F à . 
~! position 3 i258 5.70| 11.30 3.95 
13 (68 
i 105 | owr) 486 ia 
3 : : 
Maina 287.50} 596.50 | 355.50 | 602.67 | 627.37 | 704.40 | 290.43 
Sey MS, (248 q ch STE ae 2.03 76 1.30 -61 .65 A7 1.44 
ial pe (2: 4 j 
pe 2500 | tas 1:99 [1407.93 | 870.68 [1845.90 630.39 
aina 75.86 | 772.48 |1241.37 | 731.95 |1407. f j ! 
S, S, (2 2153.33 1213.73 [2075.89 | HESS e] 150, s9 6| 42, 1352 
Mal po (252 af) 59 : 
d e la m) s| f s| 100| 1.35}  46| ot]  .50| 1.78 
“Me, gs 
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the curves of Fig. 1 are proportional to the 
values of w,. In other words, these serial 
curves are the weight curves. 

The serial curves for the sequences of 
three lengths are not shown here, but they 
also showed a mild recency. Moreover, 
each S showed about the same curve shape 
for three lengths as for six. This individual 
consistency in serial position curves was 
also found in Exp. II. 


Experiment II 


In this experiment, S responded to each 
successive length in the sequence. The 
analysis of the terminal response is exactly 
the same asin Exp. I. In addition, the data 
at each earlier serial position may be 
analyzed in the same way. The successive 
responses in a sequence are not indepen- 
dent, of course, and neither are the analyses. 
Nevertheless, the additional responses do 
give useful information. 

Goodness of fit: Six lengths —An overview 
of the tests of the model is given in Table 2. 
Allinteraction F ratios that were significant 
for each S for each serial position are listed. 
For comparative purposes, the mean F ratio 
for the main effects at each serial position is 
also included. 

The upper section of Table 2 summarizes 
the tests of the response at Serial Position 6. 
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These entries are comparable to the corre- 
sponding analysis of Exp. I summarized 
in Table 1. On a gross count, the two ex- 
periments show about the same number of 
significant interactions. In Exp. II, how- 
ever, there is a marked tendency toward 
significant 12 interactions, between Serial 
Positions 1 and 2. This same tendency i$ 
found in the analysis of each of the pre- 
vious responses. In addition, S3, S7, and 
perhaps S5 show more significant interac 
tions than would be expected by chance. 
Indeed, S3 and S7 show a significant 12 
interaction at each response. 

All told, the 12 interaction accounts for 
nearly a third of the significant F ratios 
The initial response is just a reproduction 9 
the first length and presumably present? 
no difficulty. Accordingly, the source ? 
the interaction would seem to be at an 
Position 2, the first position at which $1 
required to average. As already ad 
Successive responses are not independen" 
and it is straightforward to show that 4 
interaction induced at one position unm 
to reappear automatically at subsequent P k 
sitions. Presumably, therefore, the 12 as 
teractions at the later positions reflect i, 
discrepancy perpetuated from Serial Po* 


tion 2. 
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Fic. 2. Serial position curves for each S, Exp. II. 
data from response at Serial Position 6.) 


(Curves based on 
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Vic. 3. Serial positi 
II. (Numbers by curves in ea 
sequence.) 


ee than the 12 interaction, not much 
total of 's evident in Table 2. The mean 
only secant interactions is 5.9 per S, 
Pected gihtly greater than would be ex- 
actio y chance, Even for the 12 inter- 

n at Serial Position 2, there was no 


Consi 
di ia pattern across Ss. It had a 
Significay shape for different Ss and was not 


es ant in the group analysis. 
Stant oe variability was roughly con- 
en LL 4708s serial position. This can be 
of Tak, Mspection of the error mean squares 
di bn: 2. Despite considerable individual 
Variapi]re", each S shows about the same 
tion UttY in response at each serial posi- 
sive A he detailed analyses of the succes- 
leng ene Ponses for the sequences with 10 
San; owed a similar pattern. i 
Sur curves: Six lengths.—The serial 
Spo, 53 Calculated from the terminal re- 


Db 

tlar; 5e are shown in Fig. 2. For graphical 
tu, ^ Ss have been grouped according to 
So Shape, which varies considerably. 


© show extreme recency (right panel), 
Show relatively flat serial curves 
T Panel), and others show both primacy 
his ecency components (center pane. 
Brea Variety in curve shape is markedly 
nly 8r than for Exp, I (Fig. 1), in which 
terminal response was made. 


on curves for each S, for each successive response, Exp. 
ch panel index successive responses within 


Serial curves may also be obtained from 
the earlier responses and these are shown 
in Fig. 3. These plots are in terms of w 
values in order to facilitate comparison of 
the several curves for each S. As can be 
seen, each S tends to have a stable char- 
acteristic curve shape. 

Scale values: Six lengths.—The scaling 
procedure described in the introduction 
provides estimates of the subjective lengths 
at each serial position. These are shown 


SUBJECTIVE LENGTH (cm) 


SERIAL POSITION 


Fic. 4. Subjective length estimated from response 
at each serial position, Exp. II. (The two curves for 
each S give subjective lengths of long, 24-cm., and 
short, 16-cm., lengths.) 
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in Fig. 4. For nearly every S, abe 
length is constant over serial position. This 
indicates that there are no within-sequence 
ion effects. 
E 4 shows marked individual differ- 
ences in the subjective lengths. These in- 
dividual differences are real enough since 
the first point on each curve is nothing but 
a direct estimate of the first length in the 
sequence. This fact, it may be emphasized, 
helps validate the scaling procedure. Curi- 
ously enough, the difference between the 
two subjective lengths is fairly close to its 
arithmetically correct value of 8 cm. for 
every S. The individual differences in sub- 
jective length can, therefore, be considered 
as constant errors. 

Serial curves: Ten lengths.—The main 
function of these data was to yield serial 
curves for longer sequences, and only the 
terminal response is considered here. The 
tests of fit showed about the same general 
picture as in the main phase. Of the 228 
interactions, only 14 reached significance. 
However, 53 showed an array of discrep- 
ancies similar to that noted previously, and 
S4 appeared to have some possibly real dis- 
crepancy from the model. As before, these 
: iscrepancies tended to be relatively small 
m magnitude, and inspection of the data 
failed to show any pattern among them. 

The serial curves are shown in Fig. 5. 
Although there are 10 serial positions, 
there are only 6 points on the curves since 
the design used pairwise confounding over 
the first 8 serial positions. The most im- 
portant aspect of these data is that Ss show 
the same shape curve with 10 lengths as 
with 6 (compare Fig. 5 with Fig. 2). This 
individual consistency in shape of serial 
curve confirms that found in Exp. I. 

Averaging accuracy.—In the length-aver- 
aging task, there is an objective criterion of 
accuracy to which the behavior may be 
compared. With serial Presentation, of 
course, the recency effect guarantees in- 
accuracy. Nevertheless, the balance in the 
stimulus design allows a comparison of ob- 
jective length and subjective length inde- 
pendent of recency. This is obtained by 
averaging over all sequences with the same 
frequency distribution of lengths regardless 
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Fic. 5. Serial position curves for the four Ss in 
Phase 2 of Exp. II. (Compare with Fig. 2.) 


of their position. Figure 6 plots subjective 
average as a function of objective pu 
for the sequences of six lengths. The at 
ond point on the curves is the mean, 
sponse to all six sequences that had p 
one short length, etc. With end respon! "a 
(Exp. I), Ss are quite accurate. With pos 
tinuous responding (Exp. II), marked he 
derestimation occurs. This constant ponet 
parallels that of Fig. 4. Amount of Qo 
stant error varies from S to S, but to t ys 
degree that the behavior follows the jr 
aging model, each S's curve would 
parallel to the group curve. 


Experiment III 


6 s 

A method of simultaneous-serial presentation pe 
adopted in this experiment to test two hypothe nd 
about the recency effect observed in Exp- " ane 
II. The seven types of sequences are shown in m 
left column of Table 3. In each row, the first nips 
ber in the sequence type is the number of leng f 
presented simultaneously in the initial position g 
the sequence; thereafter only one length was P 
sented at a time. à ated 

The entries in Table 3 are the weights estim? the 
from the terminal response. The weight for 
first serial position, which represents several rd in 
was reduced to a per stimulus basis as indicato orit 
the table. Two principal features of Table p 
comment. First, we is the largest entry in eac rated 
a sizable recency effect. Second, the pr? con 
weight of a member of the initial set is roughlY 
stant for sets of more than one length. 
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To understand the two hypotheses: about the 
recency effect, S's task should be kept clearly in 
mind. At any step in the sequence, both the new 
Stimulus and S's previous estimate are in view. All 
Sneed do is average them, and Exp. I and II indicate 
a he does just that. Since both relevant stimuli 
aa poly present, the recency presumably does not 
the rom any misperceptions or memory changes in 
S scale values. Accordingly, the problem is why 
t Overweights the new stimulus and underweights 

e previous estimate. 

a the weight associated with the previous esti- 
brevi is, in fact, directly related to the number of 
tee Stimuli. This weight, therefore, may be 
is Here asa subjective N. The first hypothesis 
previ does not keep in mind the exact number of 
Koes us stimuli, but that this subjective N under- 
Fecenc; temporal decay. If this is true, then the 
Which ^. Should be less for the shorter sequences, in 
eri, Several stimuli are given simultaneously at 

rial Position 1, 
type, is hypothesis is tested by the first five sequence 

Sof Table 3. It implies that we should decrease 
nspection of the initial simultaneous set increases. 
istical px of the data shows no trend, and the sta- 

imilar dene, Was nonsignificant, F (4, 92) = 1.99. 
Showed ata from the fifth and fourth responses also 
is no no effect of size of initial set. In short, there 
Support for the first hypothesis. . 
ing ea hypothesis states that the overweight- 
idence in present stimulus is caused by a of cait 
able 3 t € previous response. The last nie 
the f, z est this hypothesis. In the last two ; A 
or five lengths of the initial set were à 


AVERAGE SUBJECTIVE LENGTH (cm) 


oe ee ee 
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$ AVERAGE PHYSICAL LENGTH (cm) 


in, JG. x T 
etie $ Subjective average as a functio 
*ney Verage, sequences of six lengths, 
ect averaged out. 


n of ob- 
with re- 


61 


TABLE 3 


ErrEcrs or Eacu SERIAL Position oN FINAL 
RESPONSE: WEIGHT Estimates, Exp, III 


Sequence 

Syne w w: ws wa ws we 
1 "13 | .16 | .26 
2 42 ald 31 
3 +16 | 119 | 24 
4 C1 SES. [iens 
5 (615) | C15) | 226 
4 C16) | 15 1 
5 C15) | C15) | 25 


Note, —Entri ri ights of initial set on a 
per stimulus basis. Initial simultaneous set in last two rows had 
all equal lengths. Sum of w values in some rows differs from 
1.00 because of rounding error, 


equal; in contrast, they were all different for the 
next-to-last two rows. The confidence interpretation 
would imply less recency for the “same” than for the 
“different” condition. 

Some slight support for the confidence hypothesis 
was obtained from Sequences 4-1-1 since the differ- 
ence between the estimates of .33 and .21 for ws was 
significant, F (1, 23) = 843. However, the corre- 
sponding test on ws estimated from the previous re- 
sponse was not significant. Moreover, the data for 
Sequences 5-1 in Table 3 show no effect. 


DISCUSSION 


This discussion takes up two main topics. 
The first is the problem of psychophysical 
integration, here exemplifed by the serial 
averaging task. On the whole, despite certain 
discrepancies noted previously, the model 
seems to have done reasonably well for sub- 
jective length averaging. This result is not 
trivial. It is true that Ss were instructed to 
"average," but they were under no constraint 
about how they averaged. There are many 
measures of central tendency, and each S was 
free to choose his own. This averaging rule 
could even be variable, depending on the par- 
ticular sequence of lengths. It has consider- 
able interest, therefore, that the behavior was 
well described as a weighted arithmetic mean, 
with weights dependent only on serial position. 
Moreover, this result is important in the inter- 
pretation of the serial position curves, 

In this connection, the predominant recency 
observed in each of the experiments needs 
consideration. When a response was required 
only at the end of the sequence, individual 
differences were relatively small (Fig. 1) and 
all Ss showed moderate recency. But when a 
response was required at each successive serial 
position, individual differences were extreme 
(Fig. 2, 3, and 5). Although these two ex- 
periments differed in procedural details and 
so are not strictly comparable, the difference 
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between them is sufficiently strong to deserve 
em: storage requirements might be 
related to the difference in range of recency in 
the two main experiments. With continuous 
responding, no memory of the individual pre- 
vious stimuli is required since their average is 
represented visibly in the current position of 
the response indicator. Even so, S still must 
assign weights in some manner, and this re- 
quires a revision at each successive serial posi- 
tion of the relative weight to be assigned to the 
cumulated average. The large individual 
differences obtained with continuous respond- 
ing would then presumably be cognitive, rather 
than perceptual, reflecting different weighting 
strategies. Thisis consistent with the within-.S 
consistency in curve shape. With end re- 
sponding, on the other hand, S could simply 
Store the several subjective lengths more or 
less separately and make only one overall 
integrative response, thereby avoiding the 
successive weighting revisions. Task varia- 
tions based on intermittent responding and 
component recall might help pin down this 
problem. 

In any case, the recency itself remains to be 
explained. For continuous responding, Exp. 
III indicates that recency does not arise from 
decay of subjective N with time or serial posi- 
tion. The second recency hypothesis, that lack 
of confidence in the previous judgment pro- 
duced recency, received only weak, equivocal 


Support. In view of the large individual 
differences i 


cency, it appears 
regularly in serial averaging of simple per- 


Besides the present length 
dimension, recency has been found with loud- 
1968) and lifted weights 
(Anderson, 1967 ; Anderson & Jacobson, 1968), 
as well as with numbers (Anderson, 1964b). 
These stimulus classes do not, however, give 

i o the averaging model. 
Loudness averaging, in particular, showed a 


l In weight averaging, the 
model did well with six weights, but a possible 


discrepancy appeared with three weights. 
h the present in. ications 


The second topic for discussion 


measurement and its application to psycho- 
physical Scaling. Functional 
provides a basis for scaling both 


is functional 


measurement 
stimulus and 


response dimensions at the same time. ‘The 
essential ideas were given in Anderson (19622, 
1962b); recent applications are given by 
Shanteau and Anderson (1969) and Anderson 
and Jacobson (1968). Psychophysical averag- 
ing involves not only the subjective value of the 
stimulus, but also its subjective weight. The 
two are not always separable, but the pu 
tinuous responding procedure has technical 
interest because it provides a basis for me 
suring both value and weight at each seria 
position. ; 
A key feature of functional measurement d 
the use of an integration task, in which severa 
stimuli are to be combined into a single judg- 
ment. The quantities that S combines are, 
of course, the subjective values of the stimuli. 
If the integration rule is simple, then the 
stimulus values may appear fairly directly c 
the response. This is one reason for arte 
ing to develop an averaging model: in ae 
simplest applications, the marginal respone 
means of the stimulus design are equivale?" 
up to a linear transformation, to the subject" 
values of the stimuli, This remains true p^ 
Course, when more than two stimulus bern 
are used in each factor of the design, a dese 
Property in determining the psychophys! i 
law relating subjective and objective stimu 
values. j 
Garner (1954a, 1954b), Garner and Creel 
man (1967), and Treisman (1964) have poin 
out the perplexities in the interpretation if 
psychophysical scales based on direct, nume T 
cal response methods, For the most part, ther 
methods obtain judgments of single stimuli 4 
yield results of the form R — F(S), where ^ 
is the observed response, S is the piyer 
value of the stimulus, and Fis the presumpt 
psychophysical law. Ordinarily, § is know", 
Hence, if R could be taken at face value 
would be completely determined, and _ ly 
problem would be solved. But if R is d. 
assumed to be valid, then any observed e 
tionship is arbitrary. As both Garner y^ 
Treisman have emphasized, numerical jue 
Sponse methods typically take R at face ba i 
and provide no means for assessing | ea) 
sumption. Similarly, Luce and Galanter a «ate 
have noted that numerical biases may vi 
the use of numerical response measures. m 
Numerical response measures can ofte e 
considered no more than ordinal scales- ill 
Proper response scale, Ry, if it exists, 
then be some monotone transformation: 
— SIL (R), 
1962b). 


gon 
of the observed response (Ander pe 


t 
If R = F(S) is observed, then 
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proper psychophysical law will be M(F) since 
Rr = M(R) = 9R(F(S)). In the absence of 
any validation criteria, all continuous, strictly 
monotone transformations of F would have 
equal claim to be the psychophysical law. 

The methods proposed here avoid this inde- 
terminacy. The integration task provides a 
basis for determining a relation of the form 
R = f(s; ss... sy), where s; is the sub- 
jective value of the kth stimulus. Because R 
is based on more than a single stimulus, con- 
straints are available that allow application of 
à monotone rescaling procedure for the re- 
Sponse dimension (Anderson, 1962b). In the 
Present case, f was a weighted average, and 
the observed R satisfied the model so that no 
response rescaling was needed. Given the 
validity of the response, the subjective values 
of the Stimuli could be derived fairly simply, in 
Part because the integration rule was simple, 
in Part because the stimulus combinations were 
Constructed according to a factorial design. 

a this formulation, the psychophysical law is 
expressed as s, = F(S,) and would appear asa 
c; Product of the investigation. To determine 

'S function would require using more values 

b Of course, but in principle this is no 
Problem, '! 

The validity of functional measurement will 
depend on getting the same scales with differ- 
(^t integration tasks. This follows Seward's 
(1955) requirement of constancy of the inter- 
Yening variable, as well as the emphasis on 
ronverging operations of Garner, Hake, and 
Eriksen (1956). For this reason, it is desirable 
to develop alternative integration tasks. Si- 
Multaneous presentation has certain advan- 
ages over serial presentation. For length, 

oth averaging and summing tasks may be 
Used, with many variations of serial and simul- 
{neous Presentation. Few stimulus dimen- 
pn have this flexibility, but an averaging 
TA appears feasible with almost any dimen- 
» n. Indeed, traditional bisection judges 
i ay be considered as averages of two stimuli, 
nalogous to the present response at the sec- 
Serial position. Although the present 
Pproach depends primarily on gross stimulus 
| «e ences and a numerical response, en 
lac based on fine stimulus differences pius 
egi e of interest. There are various pees is- 
on the analysis of choice data, but the em 
lay ant function approach of Rodwan 2 1 
© (1964) has special interest and potential. 
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SUCCESSIVE CONTRAST EFFECTS AS A FUNCTION OF 
TYPE AND MAGNITUDE OF REWARD? 


I-NING HUANG? 


University of Texas at Austin 


Six groups of nine rats each were trained, one trial a day, in a straight 
runway in order to investigate the effects of a Phase 1 reward condition on 
S's subsequent behavior in terms of its influence on reward shift (Phase 2) 
and reacquisition (Phase 3) following either a different reward quality, a 
different reward magnitude, or an interpolated training with nonreward. 
A marked depression effect was obtained when the shift was to a qualitatively 
different reward (e.g, food to water) with a similar reinforcing potency. 
The reacquisition rate was faster for all conditions of interpolated training 
when reward was the same in Phase ! and Phase 3 rather than when it was 


different. 


In the usual instrumental learning situa- 
tion, a motivated S not only learns the in- 
strumental response, but also learns about 
the goal event, i.e., the quality and the quan- 
tity of the reward. This learning about goal 
events has been variously termed the antici- 
patory goal response (rg, Hull, 1952), in- 
centive learning (Logan & Wagner, 1965), 
or, more generally, the representational re- 
sponse (Spear, 1967; Vogel, Mikulka, & 
Spear, 1966). 

A learned rg may affect S's subsequent 
behavior when the goal condition is changed. 
Perhaps the most dramatic effect occurring 
under this situation is the successive con- 
trast effect: S's performance to a new reward 
condition is inversely related to the amount 
of reward previously associated with the 
experimental situation. That is, comparing 
with a control, the magnitude of S's response 
increases (or decreases) if the new reward 
has a larger (or smaller) reward value. 
However, this effect has been found to be 
largely unidirectional; the switch to a small 
reward of given amount results in a perform- 


1 This report is based on a dissertation submitted 
to the graduate school of the University of Texas 
in partial fulfillment of the requirements for the 
PhD degree. The author wishes to express his 
appreciation to E. J. Capaldi for his valuable advice 
and assistance in the completion of this study. 

? Requests for reprints should be sent to I-Ning 
Huang, who is now at Wisconsin State University 
at Whitewater, Department of Psychology, White- 
water, Wisconsin 53190. 
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The findings provided support to the sequential hypothesis. 


ance decrement that is greater the larger the 
previous reward magnitude (Crespi, 1942; 
Di Lollo & Beez, 1966; Spence, 1956). 
This is the “depression” effect (Cresp^ 
1942). The “elation” effect ( Crespi, 1942); 
as indicated by Spence, is questionable. ; 
From the viewpoint of the sequential PY- 
pothesis (Capaldi, 1966, 1967), generaliza- 
tion decrement and change of stimulus !" 
tensity are assumed to be the major facto 
producing the depression effect. The bet. 
assumption is that different goal condition" 
occasion distinctive stimuli (eg. wat) 
food, and nonreward produce SW, SË, (o 
S", respectively). This distinctive stimulu 
may be conditioned to an instrumental Q^ 
sponse on the rewarded trials and results 5 
a relatively permanent change in S's be 
havior. i 
Generalization decrement is assumed 
occur when the goal condition is change" 
(e.g., from reward to nonreward, large D 
ward to small reward, or from food rewa! 
to water reward, etc.). In the chang 
reward situation, S's performance is Pa 
mined by the habit that generalizes from yl 
previously conditioned stimulus to the ne% ge 
occasioned stimulus and its stimulus di 
tensity. Therefore, a depression effect W^ 
be predicted if the amount of generaliza ed 
decrement is great and the newly pr 
stimulus intensity is weak. Moreover, ift 
the association formed during the prc? 
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learning situation is neither interfered with 
nor extinguished during the subsequent 
training situation, one testable implication is 
that if the or iginal stimulus which condi- 
a "i the response in acquisition was re- 
it ted, that response would occur strongly 
! spite of the interpolated training. 
e: purpose of the present study was to 
would gate (a) if the depression effect 
Shifted occur when the reward quality was 
equal. but with remlorcing “potency 
Would DE (b) if a particular learned re 
reward € unlearned during interpolated non- 
training training, small-reward-magnitude 
of rev 9r training with a different quality 
an ex etd. Previous shift studies employed 
Ward perpe, procedure in which the re- 
i nes: Was accompanied by a decrease 
ürge e AH Eing potency of the reward, i.e., 
in or small reward. An attempt was made 
Orcin Present study to control the rein- 
only + Potetiey of the reward and to vary 
Was y © reward quality. Thus pilot work 
tude a lertaken in order to obtain a magni- 
Unni Water reward that would produce 
g performances comparable to that of 


a lar, t 
a food reward. A depression effect 

ems. "der this condition would be of 
iri. 


al as well as of theoretical interest. 


METHOD 


Sup; 
days Qi 5—Sixty naive male albino rats, about 90 
was li 9n arrival at the laboratory, were pur- 
rom Holtzman Company, Madison, Wis- 


—The apparatus was a straight alley 
! iu. E long, 4 in. wide, and enclosed by 9-in.- 
a S5, covered with 3-in. hardware cloth. It 
asic sections: start, 14 in.; run, 52 ^ 
Steag a in. It was constructed of wood ane 
by the Mid-gray. A trial was begun by placing 
v, 9. Sta; 10-in, start treadle which, when depressed 

n abd a 0l-sec. clock. The front paws of 
se fies, oe Placed on the treadle’s forward edge. 
th broke clock stopped and a second started when 
Mis tread) an infrared beam that was 4 in. from 
“ong C$ tip (starting time). When S broke the 
AMrared beam, 52 in. from the first, the 
k oo Stopped (running time) and a thig 
sm S Twelve inches from the seco 
aped B a third infrared beam. Breaking : 
bj Maj ne third and last clock (goal time) am 
“ty pd Opened the sliding metal lid of a 
X45 x15 in. goal cup. As soon as S 


entered the goal box, a brass guillotine door 12 in. 
from the alley's distal end was lowered manually 
in order to prevent retracing. The sum of the 
elapsed time on the three clocks constituted the 
total time. 

Preliminary training.—On arrival at the labora- 
tory, Ss were housed in individual cages. They 
were put on a 12-gm. Lab Blox and 20-min. water- 
ing maintenance schedule which continued through- 
out the experiment. The daily feeding procedures 
were as follows: The Ss were first ied about two- 
thirds of their daily ration with the water bottles. 
Twenty minutes later the water bottles were with- 
drawn and the remaining one-third oí their ration 
was given. On Days 1-4, all 5s were handled indi- 
vidually on a wood table (2X3X4 ft.) for 5 
min. beiore the daily feeding. From Day 5 to Day 
10, Ss were placed in an unpainted training box 
(16X 4X9 in.), allowed to consume ten .045-gm. 
Noyes pellets on odd days (Days 5, 7, and 9), 
and allowed to drink a water bottle from the metal 
elbow, which was inserted through a hole (3 in. in 
diameter) from outside of the training box, for 40 
sec. on even days (Days 6, 8, and 10). 


Experimental  training.—The experiment was 
divided into three phases. Phase 1 lasted 30 days, 


Phase 2, 21 days, and Phase 3, 18 days. All Ss 
were run at one trial a day. At the beginning of 
experimental training, Ss were randomly assigned 
to one of the six groups: LWL, LSL, LNL, LLL, 
SSL, and WWW. Group designations are given 
in terms of the type and magnitude of the reward 
(water reward, W; large food reward, L; small 
food reward, S; nonreward, N) received in each 
phase; ie, LWL means a group received large 
food reward in Phases 1 and 3, with water reward 
in Phase 2. A trial began by removing S from 
the home cage and placing him in the apparatus 
in the manner described earlier. Immediately after 
the consumption of the reward in the goal box, 
either one .045-gm. Noyes pellet (S), five pellets 
(L), or 35-sec. water drinking (W), S was re- 
turned to the home cage. On a water-rewarded 
trial, the elbow of a water bottle was inserted in 
the metal goal cup from outside of the goal box. 
The ascending small air bubbles observed írom 
the glass water bottle were used as an index of 
drinking. Drinking time was measured by a 
stopwatch. On a nonrewarded trial, S was con- 
fined in the goal box for 30 sec. All Ss were run 
randomly within each group, and the six groups 


were run according to a prearranged random 


order. . 
Three Ss died (two in SSL and one in LLL) 


and five Ss were too weak to continue the experi- 
ment (one in SSL, two in WWW, one in LWL, 
and one in LSL). Two more Ss were then run to 
fill in SSL and one to fill in WWW. One S in 
LNL was randomly discarded to equalize the num- 
ber of Ss in each group. 


66 


imental design.—The experimental design 
Maa that (a) by comparing LWL and WWW 
in Phase 2, it can be seen if the depression effect 
vaparred when the reward quality was shifted; 
(b) the effect of different types of interpolated 
training may be evaluated by comparing Groups 
LWL, LNL, and LSL in Phase 3 with each other 
as well as with the control LLL; (c) the effects of 
transfer shift (shift to a reward condition previ- 
ously experienced) groups (LWL, LNL, and LSL) 
as compared to a nontransfer shift (shift to a 
reward condition never experienced) group (SSL) 
may be evaluated in Phase 3. 


RESULTS 


Separate time measures (in seconds) were 
obtained for each runway section. Since 
individual measures gave essentially identical 
statistical indications, only the running-time 
data are presented here. 

It should be noted that the present study 
relies heavily on a sequential notion. The 
stimulus complex controlling S’s behavior on 
the Nth trial in the runway was assumed to 
be composed of the outcomes that occurred 
on Trial N — 1 and the environmental stim- 
uli present on Trial N. Therefore, Trials 2- 
31, Trials 32-52, and Trials 53-70 consti- 
tuted the data of Phases 1, 2, and 3, re- 
spectively. 

Phase 1.—Differences between the six 
groups on the initial trial were insignificant 
(F <1), as were the subsequent eight daily 
Fs for that measure. However, an analysis 
of variance performed on the last 10 acquisi- 
tion trials indicated that the group effect 
(reward condition) was significant, F (5, 
48) = 7.372, p < 001. Since the trial effect 
was negligible, F (9, 432) — 1.216, b 20, 
learning level was assumed to be asymptotic. 

Further analyses employed orthogonal 
comparisons. The running time of the large- 
reward groups and the water-reward group 
on the last 10 acquisition trials was sig- 
nificantly shorter, F (1, 48) = 35.444, p< 
.001, than for the small-food-reward group. 
The large-reward groups produced running 
times similar to that of the water-reward 
group, F (1, 48) <1. The mean running 
time was 1.2244 sec. for the water-reward 
group and 1.1165 sec. for large-food-reward 
groups (mean running times were 1.0882, 
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Fic. l. Mean running time in blocks = w 
trials for each of the six groups on the Ph 
training. 


1.1283, 1.2279, and 1.0214 sec. for LSM 
LLL, LNL, and LWL, respectively). ing 
Phase 2.—All group means of gunna 
time for successive blocks of three trials # 
presented in Fig. 1. pe 
An analysis of variance was performed di 
tween LSL and SSL for each of the er 
blocks of Phase 2. There was no ir 
tion of a depression effect. LSL h@ cde 
shorter running time on the first six blo it 
than SSL, with the first block signifi 7, 
F (1, 16) = 4.869, p < .05. On Bloc 
however, the running time of LSL, 
longer than SSL, but it was not statist! 
significant. stel 
The running time of LWL was sho". 
than WWW on Block 1, but was long ie 
the subsequent six blocks. On Block wW 
difference between LWL and 6) Z 
reached statistical significance, F (1, 1 05 
5.012, p < .05, and barely missed the ' 
level of significance on Block 6, F (1, 1 
4.019, p = .0595. "ES 
The delay of reward was measure? gs 
each S in LWL when the reward quality 31) 
shifted. On the first shifted trial (Trial 9 Z 
the mean delay time was 19.67 sec. ( Trial 
19.82). The delay reduced rapidly on was 
32 (M —422 sec, SD =7.08) and ior 
essentially near zero thereafter. — PUT t 
more, the drinking behavior was inter™! 


was 
cally 


z 


fev 

for most of the Ss in LWL for the first 
trials. " at? 
Phase 3.—Since the performance # 


ments during Phase 3 for LNL, LWL, L 
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a n . . 

nd SSL were accomplished rather rapidly in shift vs. nontransfer shift (LSL, LNL, and 


the 
Present experiment, the group means for 


eac : 5 A n 

daily trial are presented in Fig. 2. 
vari, [Overall Group X Trial analysis. of 
inet wee indicated that the group effects were 


isien: 

ria dicent, while both Group X Trial and 
e TE roun 

the 001 io highly significant beyond 
n 


amon analysis of variance was performed 
dail € all groups except WWW for each 

4 trial. The running-time differences 
3.399 PSnificant on Trial 53, F (4, 40) = 
pos P < .05, Trial 54, F (4, 40) = 3.291, 
5, and barely missed significance On 
ics F (4, 40) = 2407, p = 0645. 
ute daily Fs were not statistica y 
fy, ther statistical analyses among these 
Song 8toups employed orthogonal compari- 

; comparison of shift vs. nonshift 
icat » LNL, LWL, and SSL vs. LLL) in- 
wun *d that LLL had a numerically shorter 
Shige time (all daily p’s > .05) than the 
groups. The comparison of transfer 


Trial 


LWL vs. SSL) indicated that SSL, which 
had been shifted to a reward never experi- 
enced, had a significantly longer running time 
on Trials 53, F (1, 40) = 9.502, p < .005; 
54, F (1, 40) = 6759, p < .025; and 55, 
F (1,40) — 8.136, p < .025, than the trans- 
fer shift groups. The performance ot LNL, 
LWL, and LSL was almost identical. Since 
SSL had never exceeded the performance of 
LLL in Phase 3, an elation effect was not 


observed. 


DISCUSSION 


A marked depression effect obtained in LWL 
when the reward quality was shifted during 
Phase 2 was quite interesting. In the present 
study, the large-food-reward groups and the 
water-reward group both produced relatively 
similar performance levels (running times) 
during Phase 1. The reinforcing potencies of 
water and food might be assumed, then, to be 
comparable. Consequently, the depression ef- 
fect found in LWL might not be fully accounted 
for in terms of reduction of reward value 
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(Amsel, 1958, 1962, 1967; Spence, 1956). 
However, the performance decrement o 

may be interpreted by assuming two qua = 
tively different and thus competitive Tas x , 
food and rg-water). Since two qualitatively 
different rgs have been associated with the com- 
mon stimulus situation. and only the dominant 
rg during the competition would determine S's 
behavior, at least a temporary performance 
decrement should be obtained. Following this 
analysis, a performance decrement should also 
be obtained in LWL when two qualitatively dif- 
ferent rgs, once again, are encountered in Phase 
3 training. In fact, LWL showed no sign of 
performance decrement during Phase 3. 

Furthermore, the performance decrement of 
LWL in Phase 2 may not have been due to a 
change in the delay of reward during the first 
few postshiíted trials. Since the performance 
decrement of LWL was gradual and the maxi- 
mal decrement was observed late in the Phase 2 
training, the delay of reward may not have 
direct and immediate effect on LWL. 

The findings of rapid performance adjustment 
when the previous reward condition was rein- 
stated, despite the use of either interpolated 
nonreward (Logan, 1960; Vogel et al., 1966), 
small reward (Capaldi & Lynch, 1967; Wag- 
ner & Thomas, 1966), or even a different re- 
ward quality training, suggest that a particu- 
lar learned rg would not be unlearned during 
that interpolated training phase. 

The present findings support Capaldi's (1966, 
1967) sequential analysis. The depression ef- 
fect found in LWL during Phase 2 can be 
interpreted by assuming low responsivity and 
considerable generalization decrement when 
reward was shifted from food to water. It is 
quite reasonable to assume that the distinctive 
stimulus of water reward (SW) is located fur- 
ther from the distinctive stimulus of large 
reward (SRL) on the stimulus continuum 
(Capaldi, 1966) because water and food are two 
qualitatively different rewards. On the othee 
hand, the stimulus intensity of water (Vw) and 
large food (Pary could be assumed to be 
roughly equal because both produced relatively 
similar running performances. 

It may be assumed that when the reward was 


Shifted from food to water for LWL 


in Phase 
2, only a small 


part of the functional SRL was 
replaced by SW on each trial (low responsivity). 
Since the SRE of the previous trials was still the 
major functional stimulus complex on the ini- 
tial postshifted trials, generalization decrement 
was small and eradual and the depression effect 
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occurred slowly. The maximal performance 
decrement, as well as the depression effect, 
would be observed on the trials (Block 5 of 
present study) when SEL was totally or beg 
totally replaced by SW, and from then on, s 
was conditioned to the instrumental learning 
situation. f 
The LSL showed no depression effect during 
Phase 2. The reason might be that the differ- 
ence between two reward magnitudes pon 
pellet vs. five pellets), as well as between le 
two Js, was so small that the amount of gene 3 
alization decrement was insufficient to produc 
a noticeable depression effect. . "m 
The sequential hypothesis is consistent pis 
the findings obtained in Phase 3. The hy Pope 
sis suggests that during Phase 2 training, ED 
was merely replaced by S®8 for LSL, that + 
was replaced by SN for LNL, and that Sja Me 
replaced by SW for LWL. The eap n 
learned in Phase 1 was not directly affected a 
ing Phase 2 training. Thus, the rapid ie 
formance adjustment indicated by the LS à 
transfer shift groups, LWL, LNL, and the 
was indeed expected during Phase 3 when t 
original reward condition was reinstated. jd 
is interesting to note that the performance "à 
justment of the nontransfer shift group, SS shift 
Phase 3 was slower than the transfer er 
groups (see Fig. 2). "The additional trials ^ 4 
quired by SSL to reach a performance qp 
comparable to that of LSL, LWL, and Lee on 
Phase 3 was not due to slower running 
the last block of Phase 2 trials. In fact 
running time of LNL or LSL was longe! 
that of SSL on the last block of Phase 2 
(see Fig. 1), but LSL and LNL adjusted 
performances faster than SSL in Phase 3- 


he 
than 


trials 
thei" 
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EFFECTS OF ARTICULATORY ACTIVITY AND AUDITORY 


, 


VISUAL, AND SEMANTIC SIMILARITY ON THE 
SHORT-TERM MEMORY OF VISUALLY 
PRESENTED PAIRED ASSOCIATES? 


WILLIAM E. GUMENIK 2 
University of Toledo 


Auditory similarity among stimuli significantly increased errors in short-term 
memory (STM) of visually presented paired associates, while visual and 


semantic similarity did not. 


Reading the pairs aloud at presentation 


facilitated STM, but there were no differences between conditions in which 
the pairs were silently read and in which tongue and lip movements were 
restricted. Both primacy and recency effects were found in the silent reading 
and restricted movement condition, but only primacy effects were found in the 


aloud condition. 


Results were interpreted as being consistent with an 


auditory trace rather than a motor feedback hypothesis of STM. 


Several studies have shown that auditory 
similarity of stimuli interferes with short- 
term memory (STM) even when the stim- 
uli are visually presented (e.g, Conrad, 
1962, 1963, 1964, 1965, Conrad & Hull, 
1964, Hintzman, 1967).  Hintzman dis- 
tinguished between two hypothetical sources 
of the effects of auditory similarity on the 
STM of visually presented material. One 
is through generalization among similar 
auditory traces associated with the visual 
stimuli. The other is through generaliza- 
tion along a motor rather than auditory di- 
mension, specifically among kinesthetic feed- 
back cues produced by similar articulatory 
movements in subvocal rehearsal of the vis- 
ual stimuli. Hintzman found confusion er- 
rors in serial STM between letters having 
similar places of articulation, but low audi- 
tory confusability and interpreted his results 
as supporting the motor feedback hypothesis 
of STM. 

Murray (1965b, 1966, 1967) found in 
several experiments that increased vocali- 
zation activity (mouthing, whispering, 
reading aloud) improves STM. These find- 


1The author is indebted to James Brenner for 
his assistance in data collection and analysis and 
o Fay Rossman and James Lowery for their as- 
sistance in data analysis. The data were reported, 
in part, at the meeting of the Psychonomic So- 
ciety, St. Louis, October 1968. 

* Requests for reprints should be sent to William 
E. Gumenik, Department of Psychology, Univer. 
sity of Toledo, Toledo, Ohio 43606, 


ings might be accounted for by an auditory 
trace hypothesis in terms of increased audi- 
tory cues with increased vocalization or by 
a motor feedback hypothesis in terms of a 
creased vigor of articulatory movemen : 
with increased vocalization. Murray, in fact, 
attributed the facilitating effects of increase 
vocalization to both increased auditory 4” 
motor cues. However, other findings 1 
Murray, that hearing stimuli was equa 
effective to voicing them in improving S $e 
(1965c) and that white noise which w 
fered with S's hearing his own voice Pd 
creased the advantage of vocalization fa 
STM (1965a), could be interpreted as y 
voring the role of auditory rather than mot? 
components of vocalization in STM. p 
The present experiment examined the - 
fects of auditory, visual, and semantic sim 
larity on STM of visually presented pim 
associates under conditions in which E: 
pairs were read aloud at presentation, T€? Š 
silently, or in which movements of $'s uo 
and tongue were restricted. Both the aU e5 
tory trace and motor feedback hypothesi 
should predict less errors in the ST. al 
pairs read aloud than pairs read silently 27^ 
more errors in the STM of pairs with ger 
tically identical (homonymic) than pues 
cally dissimilar stimulus terms. evi. 
the motor feedback hypothesis should ere 
predict poorer STM of pairs which ie, 
presented while tongue and lip ae ar- 
were impeded, thereby interfering with 
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aes movements, than pairs which were 
Slently read with no restriction of move- 
ment. On the other hand, the auditory trace 

pothesis should predict no differences be- 


tween these latter two conditions. 


METHOD 


aedis The Ss were 144 introductory psy- 
treatment en students randomly assigned to 12 
reedi e of 12 Ss each. s 
Projected ^—Thirty-two word-number pairs were 
Jector Model | at a time by a Sawyer slide pro- 
Slide proj el 500R onto a screen 73 ft. away. The 
terval Coe Was controlled by a ‘Hunter In- 
Sented feo. Model 124S. Each pair was pre- 
Ment of th Sec., with .3 sec. allowed for advance- 
he S 2€ slide in the projector. 
Pairs cee moe Presented in eight series of four 
Pair in each Following presentation of the fourth 
on Which | Series, S was given a 3X 5 in. card 
from to, the four stimulus terms were printed 
: Which ig bottom with blanks along side them, 
Was to write the corresponding num- 
Was given 30 sec. to respond and an 
"sec. rest period before presentation 
Series. qa Pair of the next series. Within any 
"andomj © Order of presentation of the pairs was 
on zed for each § and the order of the stimuli 
two randa onse card was randomly selected from 
The ord, Om orders which differed for each series. 
"andomi. in which the series were presented was 
War eee determined for each S. A four-pair 
Bach o Cries preceded the eight test series. 
“Milarity Was tested under one of four stimulus 
T), contr į “onditions : auditory, visual, semantic, 
h ©! (dissimilar on all three dimensions). 
à cj, as each consisted of two sets of two 
"y set vo The stimulus terms of the pairs within 
me e either homonyms, visually similar, 
arity’ E dissimilar controls, depending on 
Dosa? the Ondition, In the case of visual simi- 
si „criterion used was as few letters as 
cot im ering in their respective positions. f 
i ditions Pt was made to have the four similarity 
differ as little as possible except for the 
each table. The stimulus term of one 
Set was the same across conditions, 


e sti 0 r 
of condi ulus term for the other pair varied 
the io; 


Rua: 
nior, as PANE, PAIL, ACHE, or ARCH for the 
Minit Similarity, visual similarity, semantic 
Tag alus iad control conditions, respectively. The 
"ed on TS Which varied with conditions were 

ijs en Thorndike-Lorge (1944) frequency. 
Ae 2 n Onse terms were two-digit numbers, 
ftw digg mbers ending in 0 or 5 or having the 
ht w recen twice being used. The response 
“dep © the same across similarity conditions. 
Maximize the distinctiveness of each 


Te; 


TABLE 1 


Mean Errors For Four CONDITIONS or 
STIMULUS SIMILARITY AND THREE Con- 
DITIONS OF ARTICULATORY ACTIVITY 


Stimulus similarity 


Articulatory 


activity Haines 
nymie | Visual [Semantic] Control All con- 
Aloud 15.5 11.6 13.3 10.8 
Silent 17.5 16.1 15.0 15.6 15:0 
Restricted 17.8 14.5 14.1 16.1 15.6 
Allconditions| 16.9 14.1 14.1 14.2 


series from the others, the same initial digit was 
used throughout a series, but not in any other 


series. 

During presentation of the pairs, S either read 
them aloud, read them silently, or extended his 
tongue and closed his lips and teeth on it. Irre- 
spective of the articulatory activity condition dur- 
ing presentation of the pairs, during testing S 
silently wrote his responses on the response cards. 
Each S was tested individually. 

The three articulatory activity conditions were 
combined factorially with the four stimulus simi- 
larity conditions to yield 12 between-S treatment 
conditions. Presentation position of pairs within 
four-pair series was a within-S variable. 


RESULTS 


Mean errors for the four stimulus simi- 
larity and articulatory activity conditions are 
shown in Table 1. Analysis of variance 
showed the stimulus similarity effect to be 
significant, F (3, 132) = 4.01, p < .01. Ac- 
cording to Newman-Keuls tests, the ho- 
monymic condition resulted in significantly 
more errors at the .05 level than semantic 
similarity, visual similarity, or control con- 
ditions which did not significantly differ 
among each other. The articulatory activ- 
ity effect also was significant, F (2, 132) = 
8.14, p < .01; Newman-Keuls tests reveal- 
ing that the aloud condition resulted in sig- 
nificantly fewer errors at the .01 level than 
the silent and tongue-restricted conditions 
which did not differ significantly among 
each other at the .05 level. The Similar- 
ity X Articulatory Activity interaction was 
not significant. 

If the greater number of errors in the au- 
ditory similarity condition than the other 
similarity conditions was attributable to au- 
ditory generalization, this generalization 
should be reflected in more confusion errors 


~ 
[S] 


between pairs in which the stimuli were 
homonyms than pairs in which they were 
not. Therefore an analysis was done on 
intraset confusion errors (ie. giving the 
response term of one pair to the stimulus 
term of the other pair in the set). Insofar 
as the similarity conditions were concerned, 
the results of this analysis were similar to 
the analysis of total errors, the difference 
between the auditory similarity condition 
and the other similarity conditions being 
significant, this time at the .01 level by 
Newman-Keuls test. Neither the articula- 
tory activity main effect nor the Articulatory 
Activity X Similarity interaction was signifi- 
cant at the .05 level. Also, examination of 
the data revealed that the proportion of total 
errors which were intraset confusion errors 
was greater for the auditory than for the 
other similarity conditions. These propor- 
tions were .37, .29, 27, and .25 for auditory, 
visual, semantic, and control similarity con- 
ditions, respectively. 

Mean total errors at each presentation 
position within series are shown in Fig. 1 
for the three articulatory activity conditions. 
Since there are four presentation positions, 
the maximum total errors possible is 8 in- 
stead of 32. The presentation position ef- 
fect, F (3, 396) = 64.10, P < .0l, and the 
Presentation Position x Articulatory Activ- 
ity interaction, F (6, 386) = 7.88, p> 01, 
were significant; while the Presentation Po- 
sition X Similarity and the triple-order in- 
teraction were not. Simple effects of presen- 
tation position at each articulatory activity 
condition were significant at the .01 level. 
Newman-Keuls tests revealed that for both 
the silent and restricted conditions, the first 
and last presentation position resulted in 
significantly fewer errors at the 01 level 
than the middle two positions. For the 
aloud condition, the last position resulted in 
significantly fewer errors at the .01 level 
than the remaining three positions. 

Simple effects of articulatory conditions 
at presentation positions were significant at 
the .01 level at Positions 3 and 4, but were 
not significant at the .05 level for Positions 
l and 2. Newman-Keuls tests showed that 
at both Positions 3 and 4 the aloud condition 
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MEAN ERRORS 


s Aloud 
1 ass ee n n © a Silent 
Bossessesees +.....a Restricted 


1 2 3 


4 


PRESENTATION POSITION 


Fic. 1. Mean errors as a function of pre 
tion position for the three articulatory 2! 


conditions. 


sent?" 
tivity 


the 
resulted in significantly fewer errors ie 
Ol level than did the silent or restr 


conditions. 


d 
OU 3 oul 
It was initially assumed that since S C 

make his responses in any order he w!5 


hed: 


32 : top 
the position of the stimulus words from 


to bottom on the response cards should 
no effect on errors. Inspection of the 
confirmed that this was the case. 


Discussion 


of 
The present findings of significantly, ?' in 
errors between visually presented paiT 


which the stimuli were homonyms an 


: : 4 w 
fore acoustically identical than when ma, 
semantically similar, visually similar, O 


s 4 : e 
similar controls are in agreement with pr‘ 


: . Pi ei 10! 
studies which emphasized the contribut 


acoustic similarity to errors in STM 
Conrad, 1962, 1963, 1964, 1965; Conrad | 


is a 
1964; Hintzman, 1067). Also, significa d 


s 
fewer total errors were found when boi 
the pairs aloud at presentation than w at 
read them silently. This is in agreeme 


have 
dat 


€ 


erc 
bee 
m 
vio í 
n 


ney 
w i m 
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Previous findings by Murray (1965b, 1966, 
1967) on the effect of vocalization on STM. 
These findings are consistent with both audi- 


be ee and motor feedback hypothesis of 


However, the present findings of no differ- 
ences between the restricted tongue and lip 
Movement condition and the silent reading con- 
dition, while consistent with an auditory trace 
pothesis, are difficult to reconcile with a 
Motor feedback hypothesis. It is, of course, 
Possible that the articulatory movements in- 
volved in subvocal rehearsal of the visual stim- 
ma ps so small that extending one's tongue 
Pede o one's lips around it would not im- 
cise m in the least. If this were to be the 
B t lowever, it would appear to be gratuitous 
a d eo a peripheral motor mechanism at 
tral. "uw rehearsal could be completely cen- 
volved 38; if one held that all that were in- 
lave were such small movements, one might 
ects 2 difficulty in accounting for the ef- 

> OF vocalization in terms of increased vigor 
sul, a culatory movements. The present re- 
: do not rule out. Murray's suggestion that 
ome both on auditory and motor cues. 
of su &o indicate, however, that the postulation 
ing fo. Motor cues is superfluous in account- 

7. OF the present data. 

The 
larity e 
Y à 
dees ndings by Baddeley (1964, 1966: Bad- 
ef u 
"EJ 9n STM and in opposition to findings 
and his coworkers (Wickens & 


QM 
ne 

at, and those of Wickens and of Henley a 
e ni the present use of a paired-associate 
ulus oa allowing for the separation of sim 
xperin, Tesponse similarity. 1 In the pent 
Only lent, semantic similarity was varie 
effec c" Perhaps the 


; ee ues 
Iteq ts of semantic similarity on STM are lim 


q è 
nein 


bet ae recall and the learning of material 
“en recall of different pairs in the antici- 


pation method, the two techniques are some- 
what analogous. While Beecroft found that 
semantic similarity of the stimulus terms af- 
fected retention of the pairs on the first antici- 
pation trial, this effect only occurred if four 
or more stimulus terms were synonymous with 
each other. The findings of Beecroft and the 
present experiment both demonstrate that the 
effects of semantic similarity of stimuli are so 
slight that having each stimulus term a syno- 
nym of one other stimulus term does not affect 
STM of paired associates. 

No visual similarity effects on STM were 
found. This is in agreement with earlier find- 
ings by Baddeley (1966), using auditorily pre- 
sented material, and Levy and Murdock (1968), 
using visually presented letters. 

The findings of both primacy and recency 
effects, under the silent and restricted condi- 
tions, in paired-associate STM with the pres- 
ent technique are in disagreement with Mur- 
dock’s (1963a, 1963b) findings, using a probe 
technique, of only recency effects in paired- 
associate STM. The finding of only recency 
effects under the aloud condition is in agree- 
ment with Murdock's findings. Further re- 
search is necessary on the determinants of the 
appearance of primacy effects in the STM of 
paired associates. 

One speculative possibility stems from the 
fact that the probe technique allows a much 
shorter response period than the present tech- 
nique. Shortening the time between presen- 
tation of the stimulus and S's response should. 
of course, increase recency effects since STM 
drops rapidly over time and possibly obliterate 
any primacy effects. In the present experi- 
ment, the aloud condition, which resulted in 
better STM and therefore possibly faster re- 
sponding, showed only a recency effect. Fur- 
thermore, the advantage of the aloud condition 
over the silent and restricted condition was 
restricted to recency effects, occurring only at 
the last and penultimate presentation positions. 
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EFFECTS OF EVENT PROBABILITY AND COST ON PERFORMANCE 
IN A CONTINUOUS MOTOR TASK' 
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A study was made of the effects of two levels of objective event probability 
and two levels of objective event cost on performance in a continuous motor 
task. The Ss’ control of the length of a changing bar of light was affected 


by cost, probability, and trials. 


Control was not found to conform to a 


maximization-of-expected-value model. The Ss tended to be less conserva- 


tive than optimal when very conservative control was indicated. 


Also, 


variations in event probability were found to produce greater effects than 


variations in event cost. 


D In his review 
dwards 
Cories 4 

Static situ 


s Me Var 
Sing] 


of behavioral decision theory, 
(1961) indicated that decision 
Te traditionally concerned with 
ations such as the determination 
e ae affecting the elicitation of a 
Was re 9 among possible alternatives. 
Senteg Wü hae that these models repre- 
*X and Y rst approximations of the com- 
nism mak ynamic manner by which orga- 
m fact h € their decisions. Tt would seem 
namic os t a great deal of the human’s dy- 
Sstimates ri ior Should be influenced by his 
Ceurrin ot the likelihood of various events 
Attribut & and by the significance which is 
le ma w these events. à 
Contin nner in which a human performs in 
be ing, uous motor task, e.g., should in part 
fo mo by his expectancies and values 
that p, 28 the task in much the same way 
Hon 'S choices are influenced in static situa- 
‘OWever, the strategies that are de- 
m a dynamic situation have not 
Systematic study. It was the pur- 
o ae Present study to consider the 
ive Objective event probability and ob- 
alue on performance in a compensa- 
Acking task, 
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Evidence has been obtained (Miller & 
Meyer, 1966) which indicates that Ss do not 
necessarily strictly adhere to strategies which 
maximize expected value. While other 
possible S strategies have been hypothesized 
(Coombs & Pruitt, 1960), more recently, 
Meyer (1967) has suggested that charac- 
teristics of the task may be responsible for 
deviations from maximum value strategies. 

To examine this, a situation was designed 
where Ss received monetary payoffs to (a) 
observe the action of a moving display, (b) 
make continuous decisions based on the sig- 
nificance of the display's action, and (c) per- 
form motor control to compensate for the dis- 
play movements. Initially, it was expected 
that Ss would try to maximize the product of 
probability and value and would approximate 
the optimal control characteristics. In pilot 
work, however, it was noted that when a 
situation called for very little conservatism, 
Ss tended to perform more conservatively 
than optimally. When very conservative 
control was called for, Ss tended to be less 
conservative than optimal. Confirmation of 
this finding was sought in the present study. 

The major concern here is not the overall 
degree of optimality at which Ss perform. It 
is assumed that if the sessions were long 
enough or if the instructions were complete 
enough, Ss would perform at an optimal 
level. In the present study, some under- 
standing is sought as to how deviations from 
optimality can be related to the manner by 
which Ss combine an incomplete knowledge 


of probability and cost, 
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METHOD 


Subjects.—The Ss were 20 paid college students 
between the ages of 17 and 20. Each E was ran- 
domly assigned to one of four groups, with the re- 
striction that each group was limited to 3 males and 
2 females. . " 

Apparatus—The S console contained a Sin. 
oscilloscope on which was displayed a horizontal 
bar. A positive point counter and a negative 
point counter were located above the console, 
and a bar-length control was located on the right 
arm oi S's chair. Limits consisting of two pieces 
of black tape on the cathode ray tube face were 

positioned 21 in. to the right and left of center 
along the horizontal axis. 

The bar was horizontally expanded and con- 
tracted in discrete Steps occurring every 2 sec. 
The preprogrammed sequence had 40 such changes 
over £0 sec. and was continuously repeated. This 
produced an approximately normal distribution of 
changes in bar size. Each change in bar size 
could be any of five positive or negative magnitudes, 
The S also controlled the bar length by manipulat- 
ing a linear potentiometer located near his right 
hand. 

The summed bar-length voltages drove a volt- 
age-to-frequency converter which operated the posi- 
tive point. electronic counter. The rate oí point 
accumulation displayed on the Counter was a linear 
function of the length of the bar. With summed 


Each 1-v, 
anged the point accumu- 
per minute, 

beyond the limits, the 
d and a fixed count on 


increment or decrement ch. 
lation by 48 points (.48¢) 
When the bar expanded 


2 A print-out of elapsed run time was also 
printed with each sample. 

Procedure-—The Ss were seated in front of the 
console with their eyes 36 in. away from the oscil- 


loscope display. The Ss were told that the bar 
would vary in size 


changes could be o 
The S; 


faster they 
at negative 


could see the bar, the limits, and the positive 
and negative point counters. 

At the conclusion of each 5-min. trial, S was ad- 
vised of the amount of money he had made. After 
six trials, these amounts were totaled and S was 
paid. . ial 

The experimental design was a 2X2 factoria 
combining two levels of probability (high and low) 
and two levels of cost (high and low). sad 

For the high cost conditions, § was penalize 
159 points (1.59¢) each time the bar exceded de 
limits. The corresponding negative score for pr 
low cost condition was 53 (.53¢). The same tae 
normal random order of bar changes was used a 
each level of probability. However, the voltas 
changes in the high-probability condition were 4 s 
greater than corresponding changes in the low 
probability condition. This had the effect xS 
making it more likely at any time that the Bm 
would increase in size beyond the limits. m9 
any given bar size, the rate at which positi 
Points were accumulated could be calculated, P 
well as the probability that the next change in he 
size would produce a negative score. Thus, m 
total probable payoff could be determined 1° 
every possible bar size. The four variations am 
here produced three voltage levels where total po 
accumulation was greatest, For the high el 
high-probability condition (HC, HP) the optima 
voltage to be maintained was 17.5. For the e 
cost, low-probability condition (LC, LP) the En 
mal voltage was 25.5, and for both the high-cor 
low-probability (HC, LP) and low-cost, Ld 
probability (LC, HP) conditions the optimal Jn 
age was 21.5. It should be noted that there Ma he 
certain flatness in the payoff distribution aroun EN 
optimal value. That is, a deviation of appr a 
mately 10% from the optimal control voltage 
sulted in only a 6% loss in total payoff. 


RESULTS 


_ The mean of the voltage readings (reflec 
ing average bar size) was tabulated for pon 
condition. These are shown in Fig. 1. A n 
shown are the voltages for each condit? 
Which would result in the greatest over! 


. ; janc® 
point accumulation, An analysis of varia! 
indicates th 


at (a) mean bar sizes C 
shorter when costs for exceeding the S 
were higher, F (1, 16) = 523, p < .05; r 
mean bar sizes were shorter when the pt"; 
bility of exceeding the limits was greater an 
(1, 16) = 22.11, p < 001; and (c) ™ of 
bar sizes became shorter as the number, 
trials increased, F (5, 80) = 3.71, p<" 
None of the interactions was significant. e 
Each group’s performance was comp“ 
by ! tests with the optimal voltage setting - 


that condition, For the HC, I.P condi? 
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^ Observed and optimal mean bar size as a 

function of probability and cost. 

the u 
cantly qe bar size (v, = 22.8) was signifi- 
(4). arger than the optimal (v. 21.5) 
Was als 27, <.05. The mean (v. = 20.8) 
(v.s i significantly larger than the optimal 
904,3) for the HC, HP group, t (4) = 
rc pi <05. The mean bar sizes for the 
LG, Hb Condition (v.— 25.0) and for the 
lowe t condition (v. = 21.4) were slightly 


ad 5 an the optimal settings (v. = 25. 
7 respectively). These differences 
Scheg Significant. i 

"seq į S test for multiple comparisons was 
ren, termine the significance of the 
LG nees between individual groups. The 
Tz iq, S OUP was found to have larger bar 
l6) = "e both the LC, HP group, F’ (3, 
” (3. 83; P < 05, and the HC, LP group, 
ther? 16) = 24.43, p < .05. None of the 
ther Sroups differed significantly from each 


TUM DiscussioN 

iro Fesults show that characteristics Pe ab 
ove can be related to variations 17 = in- 
in, "eq in obabilities and costs which dtt 
te the y; the task, Increased costs em he con- 
i um uts resulted in more conser sists eed- 
the increase in the probability of exc 

mits had the same effect. 


As in the pilot work, Ss were less conserva- 
tive than optimal when very conservative con- 
trol was called for. Also, Ss again tended to 
be more conservative than optimal when the 
situation called for very little conservatism. 
However, the latter difference was not signifi- 
cant. It is not certain why this tendency was 
observed here. A likely explanation would be 
that since all Ss started with essentially the 
same knowledge, that some mean bar size would 
initially be common to each group. As trials 
progressed and knowledge of the situation in- 
creased, Ss should gradually change away from 
this mean toward an optimal setting. 

The difficulty with this explanation, however, 
is in the significant main effect for trials and 
the absence of a significant Trial X Cost x 
Probability interaction. That is, all groups 
tended to become more conservative over trials. 
For the HC, HP group, this increased con- 
servatism represented a change toward the 
optimal setting. For the LC, LP group. how- 
ever, the effect represented a change away from 
optimal control. . 

Because Ss knew nothing of the changes to 
expect at the start of the experiment, the optimal 
value described here might be somewhat un- 
realistic at least in the early trials. Perhaps a 
more appropriate explanation of strategy for- 
mation could be developed by using a contin- 
uously revised optimum as with a Dayesian 
modcl However, the procedures of the present 
experiment did not permit a determination of 
each specific new datum and it would be difficult 
to apply strictly the Bayesian model here. By 
using a more highly controlled programming 
sequence, the Bayesian techniques could be used 
and might provide somewhat more realistic op- 
timal values by which to compare behavior, 

The individual comparisons of groups pro- 
vide some information as to the relative magni- 
tude of the effects of changes in objective cost 
and objective probability. In one sense the 
LC, LP group can be considered a control 
group. Optimal voltage here was 25.5. Either 
by making the cost high or the probability high, 
the optimal voltage changes to 21.5. Thus the 
difference in S control between the LC, LP 
condition and the LC, HP and HC, LP con- 
ditions would be about the same. Here. how- 
ever, a significant difference was found between 
the LC, LP and the LC, HP conditions. but not 
between the LC, LP and the Hc, LP condi- 
tions. This indicates that in this task, proba- 
bility variations produce greater effects on S 
control than do similar variations in cost, 
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In the same sense, the HC, HP condition can be 
considered as a control group. In this case 
the optimal voltage was 17.5. Changing either 
the cost or probability to low increases the op- 
timal voltage to 21.5. Neither of these changes 
produced significant results, although again a 
greater difference resulted from the variation in 
probability. 

As in static decision making, characteristics 
of continuous motor control can be related to 
the costs and probabilities of desirable and un- 
desirable events. However, the Strategies which 
were developed here do not strictly conform 
to a maximization-of-expected-value model. It 
will be necessary to collect additional data to 
specify more accurately the strategies which are 
developed in this type of task as well as the 
particular relevant independent variables, 
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EFFECTS OF REWARD INCREASE AND REDUCTION 
IN THE DOUBLE RUNWAY? 


STUART A. KARABENICK ? 


Eastern Michigan University 


Eighty-two rats received 60 trials in a double runway. 


On Trials 1-30, 


reward magnitudes were either consistently large (L) or small (S) in the 
first goal box (GB:) and L or S in the second goal box (GB:), using a 
2 X 2 factorial design. On Trials 31-60, half of the Ss in each preshift group 
were shifted to the opposite magnitude in GB;, the GB; magnitude remaining 


at the preshift level for all Ss. 


Second runway (Ra) performance rate 


increased for Ss shifted from L to S magnitudes in GB,, but the rate was 
not significantly above that of Ss constantly receiving the small GB: reward. 
The Ss shifted from S to L magnitudes in GB: decreased their Rs response 


rate, 
magnitude. 


Preshift Ra performance and shift effects varied as a function of GBs 
The results are discussed in terms of Amsel’s frustration theory 


and two theories involving the concept of persevering response tendencies. 


a us Studies have shown that reducing 
(GB dios of reward in the first goal box 
n i "A double runway to zero results in 
Speed Tease in second alley (A,) response 
ham CE» Amsel & Roussel, 1952; Peck- 
to zer msel, 1964). In addition, Ss shifted 
respond reward in GB, have been shown to 
ere faster in A, than control groups that 
k nun T rewarded in GB, (termed a 
ner ine effect"; McHose, 1963; Wag- 
Nonzer 9). However, reward reductions to 
Strate spip 8Pitudes have failed to demon- 
7 Nh ift effects comparable to those with 
‘ons to zero reward (Barrett, Peyser, 
CHose, 1965; Daly, 1968). Control 
mA unction to provide base lines for de- 
in cp ?8 the effects on A» speed of shifts 
diferen magnitude as opposed to Az speed 
reward ces due to the absolute magnitude of 
ose, ygousumed in GB, (Daly, 1968; Me- 
Stu ies 63). One common feature among 
BUS si of reward reduction has been the use 
Soal p ngle reward magnitude in the second 
9X (GB,), typically equal to or smaller 
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than the reward used in GB;. This para- 
metric constancy would appear to limit the 
generality of double-runway shift effects. 
One purpose of the present study was to 
extend previous studies of reward reduction 
by using more than one magnitude of reward 
in GB». 

A second aspect of the present study was 
to determine whether an increase in GB; 
reward magnitude would yield shift effects in 
As when compared to control groups con- 
sistently receiving the large reward magni- 
tudes. It might be hypothesized that the 
shift effect in the case of reward increase 
would lead to slower As responding by the 
shift group compared to the control group 
due to the reward magnitude contrast experi- 
enced by the shifted Ss (Pubols, 1960). In 
the only study of the obverse of reward re- 
duction, Bower (1962) found that an in- 
crease in the amount of reward received in 
the first goal compartment of a triple runway 
resulted in slower responding in succeeding 
runway sections. However, the absence of 
proper control groups that had always re- 
ceived the larger reward magnitudes pre- 
cluded an analysis of any shift effect. 

In order to assess the effect of an increase 
and decrease in the amount of reward in GB, 
and the effect of different magnitudes of 
reward in GBz on A» response strength, a 
factorial design was used in which the fac. 
tors consisted of GB; and GBo reward mag- 
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nitudes. During the training or E oy 
phase, Ss in a given group receive E 
four reward magnitude combinations : * : 
a large (L) or a small (S) qom fo) 
reward in GB, and either an L or an a 
ward in GBs. In the second, or "posts i 
phase, half of the Ss in each group yas 
switched to the opposite magnitude (S to 
or L to S) in GB,, while the other half con- 
tinued to receive the preshift amount. This 
design is similar to that used by McHose 
(1963) and Daly (1968) in that the shiíted 
groups continued to receive the reduced or 
increased reward over all postshift trials. 


METHOD 


Subjects.—The Ss consisted of 88 male hooded 
rats obtained from the Maxfield Supply Company 
(Cincinnati, Ohio) at approximately 75 days oí 


age. Six Ss failed to complete all trials. Their 
data were eliminated from all analyses, . 
Apparatus.—The apparatus consisted oí two 


straight alley runways in serie: 
compartment of the first also se 
compartment of the second, The entire double 
runway was constructed of wood floor and sides 

translucent }-in, Plexiglas top. 
de from trans- 
i The 
of the Tunway were 4 in. wide 
and 6 in, high throughout. The lengths of the 
various runway components were as follows: A, 
starting compartment = 10 in; A,245 in.; GB, 
(As starting compartment) = 15 in.; As= 45 in.; 
GB:=17 in. €aspoons mounted 
nts, were lo- 
of each goal 


and extended 
1 in. into the runway. Ai and A, doors were 


motorized, while the retrace doors were operated 
manually. All doors were hinged at the top so 


that. they operated completely within the closed 
runway, 


5, where the goal 
rved as the starting 


compartment, 


The runway floor was painted 
throughout, as were the 
compartment. 
lined with white 
were lined with bl 
Were controlled 
beneath the runw. 


medium gray 
Sides of the A, starting 
The sides of A: and GB; were 
plastic side panels; As and GB. 
ack side panels. Timing circuits 
by photoresistive cells mounted 


t unway floor. Each was covered with 
a li-in. plastic disc painted the sa 


hanges when the 
Using these cells 
concentrated light 
ion coming from 
used by the runway 
Pparatus was located 
which contained the 


need for any 

essary illuminat 
Toom lights diff 
‘ol and timing aj 
parate from that 


top. All contr 
in a room se 
runway, 


; e 

Deprivation schedule.—Upon receipt, E Pe 
placed in individual cages and given a i by 25 
and water for 26 days. This was ur nt ne 
days of restricted feeding at 15 gm. o f eR sias 
day. After 10 days, the ration of each anim Alon 
adjusted to bring S to 80% ad-lib weight pues E 
mined by cach S's weight during the last ra vate 
ad-lib feeding. Prior to adaptation trials, | me ead 
divided into two groups equated for weigh areal 
placed on a schedule that alternated ae 
feeding days with total deprivation. . pied per- 
ing, Ss were fed their adjusted ration ai ala 
forming on runway trial days. Any Ss io be 
ration was removed at the same time from Race 
run on the following day. This procedure pro e ol 
a combination weight control and 22-hr. tim 
deprivation schedule. = -— 

Handling and runway adaptation.—The s5 ae 
gentled daily from the time of receipt to the ve 
ning of runway adaptation. 'They were i don 
additional handling for 5 min. aíter each adap tid 
trial. Six runway adaptation trials, one dus 
per day, were given with all equipment GP hey 
but without food in place. After each trial, sable 
were removed, weighed, and placed on a play er 
with a supply of 45-mg. Noyes food pellets. a 
7 min, Ss were returned to their home pci WO. 
fed approximately 30 min, later. On the firs indi- 
trials, 5s were allowed to explore each runway ? i 
vidually for 5 min. On Trial 3, Ss were piacot sg 
the starting compartment of A,, the start uen 
opened 5 sec. later, and S was given 1 m was 
explore Ay. If at the end of that period Aa 
in GB, the retrace door was lowered, the al 
start door was opened 5 sec. later, and S nc a" 
lowed 1 min. to explore As If S was not in 
he was removed from A; and placed there. the 

Trials 4, 5, and 6 were similar except ac 8 
retrace door was closed any time S entered m 
On the last three adaptation trials, the retrace ing 
was also closed if $ entered GBs at any time dur o 
the 1-min. exploration of As If after 1 m ud 
exploration S had failed to enter GB, he was pla! 


5 the 

there for 10 sec. before being removed from 

runway. oups 
Experimental design.—There were four gr! 


during the preshift phase. Each received rae 
or 15 45-mg. Noyes food pellets in GB, and e! ach 
1 or 15 pellets in GBs. The reward amount for KR 
group remained constant over the 30 preshift tr? 


S) 
Designating 1 pellet as a relatively small G5 
reward and 15 pellets as a relatively large 


E »sentee^ 
reward, the four preshift groups can be represent 


along with the final Ns, as S:S (N= 19). 21» 
(N 220), and L:S (N—22), LiL (N e xoüpt 
where the first initial represents the relative a™ the 
of reward in the first goal compartment re re- 
second initial represents the relative amount O 
ward in the second goal compartment. Aalen wert 
After 30 trials, Ss in each preshift condition their 
divided into two groups matched according taide: 
Performance in Aa over the last 10 preshift the 
Half of the Ss in each group were shifted to 
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ae magnitude in the first goal compartment, 
ing in four shifted and four nonshiíted control 


Sroups. The control grou i : 

ae ps are designated S-S:S 

mI S-S:L (N 210), L-L:S (V=11), and 
:L (N=11). The shifted groups are desig- 


rad is (N = 10), S-L:L (N 210), L-S:S 
given 30 pos and L-S:L (N=10). The Ss were 

Hes postshift trials. 

s Sy ek to groups and trial proccdurc.—The 
et fous aoe classified into 22 homogeneous groups 
ad-lib Bin Fag on the basis of their 100-day-old 
were Ken ne Within each of these groups, Ss 
reward co; da aed to one of the four preshiit 
reward son ans: The total number of Ss in each 
that alterate was then divided into two groups 
run in ty ated trial and feeding days. The Ss were 
One trial E Squads on each day. They were given 

tii eid other day. 
čompartme eB placing S in the A, starting 
ened 5 see. 1 Suing the door. The start door was 
Starting late ater without regard to S's orientation. 
ening of *ncy in Ay (Si) was measured from the 
fi phot the Start door until S passed over the 
Ta, Ene 6 in. from the start door. The 
tim Was lowered to prevent retracing, and 
En Ai (Ri) was measured from the 
Second ie the first photocell until S crossed 
Seal 48 in. farther down Ai and 5 
dae. the food cup in GBi. The goal box 
Was closed to prevent retracing after 
he under it, 

nisheq h Start door was opened 5 sec. after S had 
n orienta "t reward, again without regard to 
the Cy in An to the start door. The starting 
6s 2 Start p was taken from the opening ot 
(R “into A Cor until S crossed over a photocell 
2) * The timing of running time in A: 


8) an 
“ame as Ta retrace door procedure were the 
" 


in, 
"etrace 
Passeg 


in 
€ Ss wor, 

he ere removed from GB: 5 sec. after com- 
ed to id They were then weighed ri 

bri home cages. The Ss were ie 
" à avera € squad had been run, which resulte 
ding go 8° Of 45 min. between runway trials an 

S Within a squad. 


fg 


l RESULTS 

of the T 

60 data were analyzed using logio 
Drew : : 

es, q Versions of the obtained time 
is ariance analyses with unequal Ns 

"Weighted means solution (Winer, 
375-377) 


¢rformance 


te Tung; Mean log starting latencies and 


parg E times in A, for the four preshift 
Ana], Pf ‘tions are presented in Fig. 1. 
Parting the effect of first and second goal 

magnitudes on A perform- 


ance, 2X 2X10 variance analyses (GB, 
Magnitude x GBə Magnitude X Trials) 
were performed using the last 10 preshift 
trials (21-30; Trial Blocks 5 and 6). The 
main effect for GB; magnitude was highly 
significant on both A; performance mea- 
sures: Sı, F (1, 78) = 1674, p < .001; Ri, 
F (1,78) = 826, p < 01. Although the 
main effect for GB» reward magnitude was 
not significant: Sj, F (1, 78) = 297; Ry, 
F (1, 78) = 2.44; there was a significant in- 
teraction effect between GB; and GB» magni- 
tude on both A, performance measures: S), 
F (1, 78) = 10.09, p< .01; Ri, F (1, 78) 
= 5.57, p < .05. As can be seen in Fig. 1, 
the reward in GB» affected A; performance 
when the GB, magnitude was small, but not 
when it was large. A Newman-Keuls test 
with a = .05 substantiated that Group S:S 
performed significantly slower than all other 
groups, but the performance of the other 
groups did not differ significantly over the 
last 10 preshift trials. 

Tests using S, indicate that all groups 
were improving over Trials 21-30, F (9, 
702) = 3.52, p < 01. However, Rı shows 
no such significant change, nor were there 
ignificant interactions on either measure 


any s t 
with trials. This indicates that the relative 
performance of the four conditions was con- 


sistent over the last IO preshift trials. — 
Alley 2.—Mean log starting latencies and 

times in A» are also presented in 

The 2 x 2 X 10 variance analyses 

Magnitude X GB» Magnitude X 

Trials) over Trials 21-30 were also used to 
evaluate A2 performance data. _ That As 
performance was an inverse function of the 
amount of food consumed in the first goal 
compartment is substantiated by the highly 
significant GB, magnitude main effect: So, 
F (1, 78) = 3476, p < .001; Re, F (1, 78) 
= 16.78, p « .001. A» performance was also 
a function of the amount of reward in GB», 
as evidenced by the significant GB» magni- 
tude main effect: S», F (1, 78) 22577, p< 
001; Re, F (1.78) = 17.75, p < .001. 

The interaction effect between the GB, 
and GBs magnitudes was not significant 
using Ss, F (1.78) = 234. Paired compari- 
son of the four conditions (Newman-Keuls, 
a = 05) indicated that Ss in Group S:L 


running t 
Fig. 1. 
(GBi 
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performed faster in As than did Ss in all 
other conditions. In addition, Group L:S 
performed slower than all other groups. The 
performance of Groups S:S and L:L did 
not differ significantly from each other. The 
interaction between GB, and GB; food mag- 
nitudes was significant for the Re measure, 
F (1,78) = 496, p < .05. Paired compari- 
sons of the four groups indicated again that 
Group S:L performed significantly faster 
than all other groups, but the performance 


2.0 
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LOGio RUNNING TIME +1.0 
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STUART A. KARABENICK 


of all other conditions did not differ. 

As with À;, As starting latency showed 
a significant change over the last 10 preshift 
trials, F (9, 702) = 3.98, p < .01, but the 
running measure did not, F (9, 702) — 149. 
There were no significant interactions involv- 
ing trials for either Sp or Re, again an indi- 
cation that the four preshift reward groups 
remained stable relative to each other ove 
Trials 21-30. 


FIVE 


TRIALS 


ALLEY 2 


Alley 2 of the double 
730 in blocks of five trials. | 
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Summary of preshift performance.—The 
Tate of performance in A, was found to be a 
direct function of the magnitude of reward in 
cet The amount of reward in GB, had an 
Waid on Ay performance when the first re- 
tivel was small, but not when it was rela- 

ely large.  Preshift performance rate in 
beum rs inverse function of the magnitude 
tion nbn consumed in GB; and a direct func- 
Ti eddie amount of reward received in GB». 
interaction while there was evidence for an 
tad lon effect between GB, and GB» mag- 

€ on Az running time, the interaction 


eff : 
ect was not present on the As starting 
Measure, 


Siray of Group Matching 
* he success with which the nonshifted con- 
or and the shifted groups had been equated 
ge dt performance over Trials 21-30 
(Shif ested by two-way variance analyses 
ub ted Subgroups vs. Nonshifted Control 
tone Toups X Trials) on both A: and Ae per- 
e ity Matching appears to have been 
Mose as there were no significant differ- 
grou: between shifted and nonshifted sub- 
Dien a The only significant effect was an 
=2 $i n for Group L:S on Si, F (9, 180) 
9^, b « .05, 


RM 
Stshift Performance 


ning “2 1—The starting latency and run- 
Contro] n° Performance in A, for the four 
in p;o 3nd four shifted groups is presented 
8. 2 for the last five preshift trials and 
trialo Stshift trials (31-60) in blocks of five 


There Were no significant differences over 
shi; EPstshift trial segment between the 
large and control groups that received a 
S.p., Ward magnitude in GB» (S-S:L vs- 
Eron and L-S:L vs. L-L:L). However, 
ects Teceiving a small As magnitude were 
€d by the shift, Group L-S:S slowed 


Tel. 
tari" to Group L-L:S and began to ap- 
first a the level of Group S-S:S over the 


Gr Postshift trials. The convergence of 
sigais L-S:S and Ss:5 is indicated by a 
tion "ant Groups x Trials (31-40) interac- 
alg Sing Ri, F (9, 162) = 3.15, P < Ol, 
e interaction using Sı was not 
De, Ant, F (9 162) = 1.61, p < 10. The 

Mance rate of Group S-L:S increased 


compared to that of Group S-S:S over 
Trials 31-40 and began to approach the level 
of Group L-L:S. This approach is indi- 
cated by a significant Groups X Trials (31— 
40) interaction using Sı, F (9, 171) = 3.68, 
p < 01, although the effect was not signifi- 
cant using the R; measure, F (9, 171) = 
1.53, p > .10. Subsequent to the first 10 
postshift trials, there were no significant 
differences between the shifted groups 
(L-S:S and S-L:S) and their respective 
control groups (S-S:S and L-L:S). 

Alley 2.—Mean log Ag starting latencies 
and As running times for the last preshift 
and all postshift trials were also presented 
in Fig. 2. As performance of the eight 
postshift groups was analyzed in the follow- 
ing ways: (a) Performance changes from the 
last preshift (30) to the first postshift (31) 
trial were compared for shifted and non- 
shifted subgroups of each preshift condition 
using two-way variance analyses (Groups X 
Trials 30 vs. 31) ; (b) the performance of 
shifted and nonshifted subgroups was com- 

ared over Trials 3140 and over all post- 

shift trials (31-60) ; (c) comparisons were 
made over Trials 31-40 and 31-60 between 
the performance of groups that received a 
shift in GB, magnitude and the appropriate 
nonshifted control groups that had consist- 
ently received a small or large GB; reward. 

A decrease in GB; magnitude produced an 
immediate increase in the rate of As per- 
formance by Group L-S:S compared to 
Group L-L:S from Trial 30 to 31 as indi- 
cated by a significant Groups X Trials inter- 
action on both A» performance measures: 
S, F (1,20) = 637, p < 05; Re, F (1, 20) 
= 13.55, p < 01. Group L-S:S continued 
to perform faster than L-L:S over Trials 31— 
40: So, F (1, 20) = 10.16, p< 01; Ry F 
(1, 20) — 829, p « .01; and over all post- 
shift trials: Se, F (1, 20) = 5.67, p < .05; 
Ro, F (1, 20) = 536, p< 05. 

There was some indication that Group 
L-S:S performed faster than the control 
Group S-S:S on the first shift trial, but the 
difference was not significant: Se, F (1, 18) 
= 3.69, p < 10; Re, F (1, 18) = 3.44, p < 
103 Although there is an apparent trend 

3 Single-trial simple-effects comparisons used the 
error term based on the first 10 postshift trials (see 
Winer, 1962, p. 310). 
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2, F (1, 18) € 
= 1.08, p > .10. 


F (1,18) 


2; 


;R 


18) < 1.00; R;, F (1, 18) = 2.05, p > 10; 


or over all postshift trials: S 


, 1.00 


F (1 


shown in Fig. 2, Shifted Group L-S:S did 
not perform significantly faster than Control 


Group S-S:S over Trials 31-40: So, 
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T = case of a decrease in GB, magni- 
E the GBs magnitude was large, 
comard te for Group L-S:L increased 
0 ig o that of Group L-L:L from Trial 
Recent on the running measure as shown by 
a 19) c. 3 Groups X Trials interaction, F 
startin Ms 30.09, b < 0l, but not on the 
to pu measure. Group L-S:L continued 
all orm faster than Group L-L:L over 
ke trials: Se, F (1, 19) = 1448, 
rer li Rs F (1, 19) = 1146, p « 01. 
Shifted oe however, no indication that 
Onshift d a L-S:L performed faster than 
lere w ed Control Group S-S:L. In fact, 
a - conos S indicate E Group 
as slower to leave the Ag starting 

fret ement than Group S-S:L over the 
X .05 Lap trials, F (1, 18) = 459, p 
Was the E Ferme of the two groups 
shift trials me for the remainder of the post- 
a dega oe in GB, magnitude resulted in 
Shifteq yd in the rate of performance by 
Shifted c toup S-L:S compared to Non- 
trial, p roup S-S:S on the first postshift 
was top HR Groups x Trials interaction 
Measure Significant for either A» performance 
Started p As seen in Fig. 2, Group S-L:S 
rials sae slowly than Group S-S:S over 
ut then 40: Se, F (1,17) = 4.92, p < 05; 
tween t » Were no significant differences be- 
the nid groups for the running measure 
series of postshift trials. There 

ed G significant differences, between 
trol roup S-L:S and Nonshifted Con- 
roup L-L:S evaluated over all post- 
Si using either A» performance 


Wer 


ance fe Was also a decrease in Ag perform- 
9r Shifted Group S-L:L relative to 
the cr S-S:L on the first postshift trial, but 
nific, "om S X Trials interaction was not sig- 
Using either A, performance mea- 

he two groups were significantly 
2 t, however, over all postshift trials: 
FG, 1, 18) = 9.42, p < 01; Re, F (1, 18) 
Perfo, P < 05. Despite the decrease in Az 


Sur 


Noni: 
fere hif 


Jue 
Shit, p, tween these groups over all post- 


on the Rə measure, F (1, 19) = 407, p 
Z 10: 


Summary of Postshift Performance 


In general, a decrease in GB; food magni- 
tude resulted in an increase in the rate of A» 
performance. However, the increase in per- 
formance by the shifted groups did not 
exceed the level of the nonshifted control 
groups. An increase in GB» food magnitude 
resulted in a decrease in A» performance. 
However, there was a tendency for the 
shifted groups to continue to perform faster 
than their nonshifted control groups through- 
out the series of postshift trials. 


DiscussioN 


A reduction in GB, reward magnitude re- 
sulted in significantly faster A» performance; 
however, there was no evidence for a "frustra- 
tion effect" in that both groups experiencing the 
reward decrease failed to perform significantly 
faster than control groups that had consistently 
received the reduced GB; magnitude during the 
series of preshift and postshift trials. This 
result is consistent with previous studies of 
nonzero reward reduction that used appropriate 
control groups (Barrett et al., 1965; Daly, 
1968). 

One explanation of the failure to find 
evidence of a shift effect (shift group perform- 
ing faster than its nonshift control group) for 
reductions to nonzero reward magnitudes in 
the present study has been suggested by Daly 
(1968). The argument involves the concep- 
tualization of the double runway as operationally 
similar to differential conditioning in which Ss 
are exposed to more than one magnitude of 
reward. Following Amsel's frustration theory, 
it is proposed that Ss receiving different mag- 
nitudes of reward in GB, than in GBs would 
experience frustration on encountering the 
smaller of the two magnitudes. Assuming 
this to be the case in the present study, frustra- 
tion would occur in GB, for Group S:L on 
preshift trials and for Control Group S-S:L 
on postshift trials. Group S-S:L would 
therefore perform faster in A, due to the 
presence of the additional frustration-produced 
drive component than would be the case if GB, 
and GBo reward magnitude effects were inde- 
pendent of each other. Since both the shift and 
control groups would experience frustration in 
GB,, they would be responding under approxi- 
mately equivalent levels of drive in A», and 
their A, performance levels would not be ex- 
pected to differ on postshift trials. 
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idence for the presence of frustration-pro- 
aoe in Ay for Group S-S:L could kb d 
ferred from the high response rate of conn j^ 
in A, during the series of preshift trials. 1 
performance would appear to provide contrary 
evidence. If frustration did occur in GB, 
anticipatory frustration (rp) should have be- 
come conditioned to the cues of Ay. The in- 
hibitory effect of rp should thus have acted to 
slow the response rate of Groups S:L and 
S-S:L in A,. This did not occur as Group S:L 
responded as fast as Groups Lis and L:L. 
However, the absence of a frustration-produced 
inhibitory effect for Group SiL cannot be 
totally ruled out since the facilitation effect of 
the large reward in GB, that was found to 
generalize to A, may have cancelled out the 
inhibitory effect. This interpretation was used 
by Daly (1968) to explain the absence of an 
inhibitory effect under similar reward con- 
ditions. 

The conditions of reward-contrast-produced 
frustration would not exist for Control Group 
S-S:S as proposed for Control Group S-S:L, 
However, Group L:S would be assumed to 
experience frustration on encountering the 
smaller reward in GBs during preshift trials, 
Since rp would become conditioned to the cues 
of Ag, its Presence would be expected to de- 
Press the A, response rate for 


Accordingly, Shifted Group L-S:S would be 
assumed to b 


inhibition not 
Inhibition in 
Set the response strengt] 
L-S:S due to frustration- 
cancelling or partially ca 


The preshift data provide some evidence in- 


Given that frus- 
for Group L:S, it 
itory effect of Tp 
would be greater in 
re the frustration 
rting compartment 
opposite would ap- 
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brought to bear to account for shift effects "we 
the double runway. Both of these involve the 
notion of perseverative effects carrying E 
from A, to As. According to one pe 
Bower (1962) postulated that the strength m 
the response tendency in A, varies as an Ld 
creasing function of the strength of the ie 
tional anticipatory goal response (rg) e 
by A, runway cues and a decreasing function Ki 
the amount of consummatory responding Ea 
taking place in GB}. Atkinson (1964) ae 
Birch (1968) have proposed a similar theory “A 
which the primary concept is “inertial mox 
tion.” Like the persistence of rg, any response 
tendency (T) built up through exposure to bd 
stigating cues in A, and not reduced by corsia 
matory behavior in GB, would be assumed in 
persist and to increase the final strength of T e 
Ag. A, performance is crucial for ua 
theories because it provides information as i 
the relative strength of rg or T in A, prior 
their reduction in GB,. et 
Since both theories involve the concept j 
Persistence, they account for the reward oe 
nitude shift effects in similar ways. d» 
failure to find a shift effect for Group L- e 
would be assumed to result from the high in 
Sponse rate of Control Group S-S:L, 19 
Which it was compared. However, instea' ald 
invoking frustration, the high A, rate WO d 
be seen as due to the continual instigation " 
Tg Or T in A, and its minimal reduction Oats 
perhaps its continual instigation) in GB. Pare 
interpretation is consistent with the preshift dà 
data where a large GB, reward magnitude it 
shown to affect the A, response rate tO me 
extent that Group S:L performed at the cs 
Tate as Groups L:S and L:L in A, Th be 
although the strength of rg or T would e ift 
reduced for Shifted Group L-S:L on posts e 
as on preshift trials leaving a greater result?" 
Tesponse strength in A, on postshift trials; the 
shift effect would be expected because of of 
high level of rg or T and thus the high rate 
Control Group S-S:L, id 
Owever, both perseverative theories ba 
have difficulty accounting for the failure to oth 
a shift effect for Group L-S:S. In b Un 
analyses, rg or T would increase due to instig 
tion in A, because of the large reward in duc 
for Group L:S on preshift trials. A roo: 
tion in GB, magnitude for Shifted Group Ta 
would then be expected to leave.a greater than 
of unreduced rg or T to persist into tg for 
would be the case for Control Group Ss (cf 
which instigation in A, had been minim. ea, 
preshift Ay performance for Group ?'* 
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A " 
Sd fus Group L-S:S should have per- 
Toup S.S:S, bns on postshift trials than 
The effects js was not the case. 
teward in GB, were cen the magnitude of 
Tate of perf 1 Were generally to reduce the 
With Bower RT in As, which is consistent 
a tendency X a): : However, there was also 
Perform ies the shifted groups to continue to 
control grou r on the postshift trials than the 
the large Ch that had consistently received 
no comparabl, magnitude. Although there are 
(recall that Be, results in the double runway 
Similar findi ower did not have control groups), 
Concerned ings have been obtained in studies 
Performan ath the effects of drive shift on 
1951) Sh ce (Davis, 1957; Deese & Carpenter, 
rive Bion t groups shifted from high to low 
mental task o the performance of an instru- 
Stoups train pay jae to perform faster than 
"or the fr and tested at low-drive levels. 
rase that a rustration theory, it is simply the 
" GB, w ao in the amount of reward 
for » the mee Not result in frustration; there- 
dicted to n groups would have been pre- 
Nonshifte Perform at the same rate in Ag as the 
vs the pee groups on postshift trials. 
s Bo Would iiis theories, a small reward 
gat e assumed to result in little in- 
o Tg or T for Group S:S over the 
feeshir Preshift trials as inferred from the 
thee rewa Porfotmance level. The shift to a 
e expected. GB, in Group S-L:S would 
at to reduce the strength of rg or 
of the control Group L-L:S in As. 
on resulted in slower performance 
triste” S-L:S than Group L-L:S on 
in 4 Perform, In the case of Group S:L, pre- 
Te ot due to i data indicate that instigation 
hig, to th he large reward in GBg brought 
Woute a large Same level as Group LAL, 
T £d the ge reward in GB, for Group S-L:L 
TS this € assumed to have brought 7G OF 
OE E TOUD to the same level as Group 
Rro Postshif; This should have resulted in 
"NUDs, t Ay performance rates for these 


€ither 
Wait for pec oretical approach could fully ac- 
ass data in the present study without 
T "mptions concerning the effect of 
ewards under constant conditions, 
Qp; stant € effects that result from conditions 
thet and "t unequal reward magnitudes in 
vige toblem 2 In the case of frustration theory, 
Qg Ace Prises from the lack of unequivocal 
‘nd GB Unequal reward magnitudes in 
E 2 Produce frustration to the smal 
e difficulty with perseverative 


theory is in determining more precisely the 
degree to which response strength is insti- 
gated in A, and the amount that perseverates 
into Ag. It would seem that further empirical 
as well as theoretical clarity will require addi- 
tional studies of reward increase as well as 
reward decrease and the systematic variation of 
second as well as first goal compartment reward 
magnitude. 
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i i Exp. dy signal inten- 
The effects of auditory (Exp. I) and visual (Exp. II) ready 
d were investigated in a simple reaction time (RT) task. Mean RT to 


three auditory response signals 


was found to systematically increase with a 


corresponding increase in the intensity of either auditory or visual ready 
signals. The results were analyzed according to a decision model of stimulus 


intensity effects. con 
value of the detection criterion. 
were also significant determinants 


Previous investigations of simple reaction 
time (RT) have demonstrated that the 
stimulus context in which an RT signal is 
presented is an important factor in deter- 
mining the speed of response. For example, 
Grice and Hunter (1964) reported larger 
intensity effects when two signals were pre- 
sented randomly to the same group than 
when each signal was presented to a separate 
group. That is, contextual effects were ap- 
parent when Ss received more than one 
Tesponse signal intensity per session and 
comparisons were within groups. The role 
of context was studied further by Murray 
and Kohfeld (1965) and Kohteld (1968), 
who found that preadapting Ss to various 
stimuli just prior to participation in an RT 
experiment significantly modified the result- 
ing intensity functions in accordance with 
the average intensity of the preadaptation 
stimulus. ^ Experimental manipulation of 
other variables, such as the temporal interval 
between signals (Bevan, 1968), the distribu- 
tion of intensity values (Murray, 1969), and 
the intensity of the ready signal (Kohfeld, 
1969), also indicates that RT is significantly 
affected by the relationship of a response sig- 
nal to previous experimental events, 

One manner of conceptualizing the con- 
textual phenomena observed in RT situations 
is in terms of adaptation level (AL) theory, 
Since the theory predicts that the excitatory 
strength of a stimulus depends on its distance 
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versity, Depart: 
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It was concluded that ready signal intensity influenced the 


Practice effects and individual differences 
of the criterion level. 


from AL, Grice and Hunter (1964) us 
counted for large within-S intensity kan 
by assuming that exposure to two nene 
of test stimuli produced an AL between ae 
two values, whereas exposure to only ag 
intensity resulted in an AL at that par 06 
value. Other studies (Kohfeld, 1968, 1 € 
Murray & Kohfeld, 1965) were also ai 
sistent with AL theory, as these experime, 
collectively indicated that both prece 
tion stimuli and RT ready signals + in 

tributed to the effective stimulus conte 
Which the response signals were presente 5 
In spite of the successes of AL theo e 
accounting for a variety of contextual T ers 
nomena (see Bevan, 1968), some pe 
contend that-ÆL theory does not gun 
specific principle of response evoca rit 
(Grice, 1968; Murray, 1969), These W Jes 
ers suggest that certain contextual ope 
(e.g., within-S presentation of stimuli te f 
preadaptation procedures) can appropria i 
be viewed as influencing the detection ills 
u 


terion, a concept derived from Mc 
(1961, 1963) 


n a 


a 
decision-theoretical app il 


to stochastic latency mechanisms. : 
has postulated that the onset of an RT r ar 
initiates a sequence of neural events tha ond 
accumulated over time. The S will RE se 
to the signal when the cumulative irl pet 
count reaches some predetermined num”, 


ü ctio! 
Corresponding to the value of his detect à 
criterion, 


na 
ent 


The latency of S’s response alse 
measure of the time required for the imp the 
count to reach the criterion value. Since ine 
impulse rate is determined by stimulus ed 


A 5 : mt 
tensity and the impulse number is deter 
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by the value of the detection criterion, the 
uode predicts that RT will vary as a func- 
Baer ae intensity and criterion level, 
Bb cei Thus, any experimental 
ier F atiati that raises or lowers the cri- 
jn will have a corresponding effect on 
cepts E. ge this latter respect that the con- 
ibus E » and detection criterion are anal- 
male ae theoretical approaches often 
of comet predictions regarding the effects 
ntextual variables on reaction latency. 
sin two experiments reported here dealt 
the effects of ready signal intensity on 
The primary aims of the research were 


tw, - 

Rn First, an attempt was made to 

result "e tecision-theoretical approach to the 
S. Bas - ie 

Studies ed on the findings of previous 


; (Baumeister, Dugas, & Erdberg, 
that i Kohfeld, 1969), it was hypothesized 
Prody ugh-intensity ready signals would 
Sity ne longer mean RT than lower-inten- 

ready signals, Tf McGill’s (1961, 1963) 


m 4 : 
ich applicable, the hypothesized differ- 


Cnees ; Ls 

tion fis RT offer evidence for the assump- 
wt variations i ignal intensity 

Produce co, ations in ready signe ) 


the q Corresponding changes in the value 
Ose of Ctection criterion. The second pur- 

the present research was to investi- 
tidy and cross-modal presentation of 
Would © response signals (visual-auditory) 
‘ined ge effects similar to those 09- 
mo alite Jen both signals were in the Ys 
visual y (auditory-auditory). Since the 
Ryp vlady signal magnitudes employed in 
tead, .. Were equated with the auditory 
Possible goals presented in Exp. I, it was 
imie determine whether modality was 
„o ng factor in the identification of 
signal effects. 


EXPERIMENT I 


ba Ene >The Ss were 16 soldiers, who n: 
i ra to the laboratory after completion © 
in hysien A medical examination verified 
ari cal health, and all Ss were free of visua 
,"E defects. The Ss were assigned ran- 
the various experimental conditions. 
— The experiment was conducted ina 
' Sound-treated chamber, which yas 
during the entire RT session. The 
Stated in a desk chair, which had a 
2 teady. telegraph key clamped on its € 
response signals were three 1,000- 
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cycle tones having intensities of 30-, 60-, and 90-db. 
SPL. The tones were generated by an audio oscil- 
lator and aíter appropriate attenuation were pre- 
sented through calibrated earphones by means of 
an electronic switch with a rise and decay time of 
10 msec. The durations of the ready and response 
signals were .5 and 1.5 sec, respectively. Fore- 
periods of 1, 2, or 3 sec. were given in irregular 
order on successive trials. There was a 15-sec. 
interval between response signal offset and ready 
signal onset. Timing of events was regulated by 
interval timers operating in a repetitive sequence. 
A paper tape reader and a system of shielded relays 
were used to select the foreperiod and tonal stim- 
uli according to a programmed sequence. RT 
was registered in milliseconds by an electronic 
counter. 

Procedure—Each S participated in five consecu- 
tive RT sessions, one 45-min. session per day. 
Prior to Session 1, S was read conventional RT 
instructions. Each session was preceded by a 10- 
min. period of dark adaptation during which S sat 
quietly in the darkened sound booth, The S was 
then instructed over an intercom to adjust his ear- 
phones and place his right index finger on the tele- 
graph key. Fifteen unscored practice trials ensued 
during which S became familiar with pressing the 
key as fast as possible to the second of two suc- 
cessive tones. A total of 90 scored trials per 
session was presented. A short rest period was 
en between each block oi 30 trials. During each 
ion, Ss were administered the same order of 
30-, 60-, and 90-db. response signals presented in 
random order, with the restriction that there were 
10 presentations of each signal in each block. 

Four ready signal conditions were presented to 
the 16 Ss ina counterbalanced order on the first 
4 consecutive days. For three of the conditions, 
the same ready signal (30 db., 60 db., or 90 db.) 
was presented throughout the entire session. The 
fourth condition (random) involyed presenting 
each ready signal an equal number of times 
within each block of 30 trials. On Day 5, all Ss 
were given the same condition (feedback) in which 
a 30-db. ready signal was given on all 90 trials and 
feedback of RT was reported over the intercom 


after each trial. 


giv 
sess; 


Results and Discussion 


The data were analyzed according to an 
Orders x Conditions X Intensities analysis 
of variance. Significant sources of variation 
were attributed to response signal intensities, 
F (2, 24) = 13079, p < .001, ready signal 
conditions, F (4, 48) — 17.52, p « .001, and 
to the Conditions X Intensities interaction, 
F (8, 96) 2255, p< .025. The large 
effect due to response signal intensity repli- 
cated the common finding that RT undergoes 
a systematic decrease with a corresponding 
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increase in stimulus intensity. The absence 
of an effect due to orders (F = .19) indi- 
cated that counterbalancing procedures were 
statistically adequate. Mean RTs in milli- 
seconds for the five ready signal conditions 
were as follows: 90 db., 304; random, 289; 
60 db., 284; 30 db., 267; and feedback, 234. 
In view of the significant conditions effect, 
the hypothesis that RT is related to ready 
signal intensity was confirmed. It is of 
additional interest to note the similarity in 
mean RTs for the 60-db. and random con- 
ditions. Further inspection of the data re- 
vealed that Ss in the random condition did 
not respond differentially to the 30-, 60-, 
and 90-db. ready signal trials. This finding 
is consistent with the results of a previous 
study (Kohfeld, 1969) in which random 
presentation of ready signals produced RTs 
that were similar to those obtained when a 
single ready signal value at the mean of the 
stimuli was presented. When ready signals 
are presented in an unpredictable order, it 
appears that Ss maintain an effective refer- 
ence level which is intermediate among the 
intensity values. Finally, the significant 
Conditions X Intensities interaction is mean- 


Auditory Ready-Signal 


100 


80 
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a 
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a 
= 40 

20 

o 

50 100 

Fic. 1. 


Decision model applied to 
ditions and response sig 


150 


ingful when viewed in conjunction with the 
finding that RT was shortest for the feedback 
condition. Assuming that the ready signal 
conditions influenced the detection criterion, 
these results imply that intensity effects were 
smaller for a low criterion value (feedback 
condition) than for a relatively high criterion 
value (90-db. condition). This implication 
is discussed subsequently more fully. 

Figure 1 presents the results in accordance 
with a method described by Grice (1968) in 
his evaluation of the decision theory model. 
As noted earlier, the model assumes that the 
number of impulses required for a response !5 
determined by the value of the detection cr 
terion. The hypothetical impulse dimension 
in Fig. 1 serves as an estimate of the rela- 
tive positions of the criteria. The rationale 
for determining these positions has been 
discussed elsewhere (Grice, 1968, pp. 3687 
371). Briefly, four steps were followed : (4) 
The grand means for each of the five ready 
signal conditions were calculated; (0) 1 
msec. were subtracted from each of the 
means in order to account for the assum“ 
value of the “irreducible minimum” ( W000- 
worth & Schlosberg, 1954); (c) the CP 
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the effects of auditory ready signal con- 
nal intensity on reaction time, 
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Fic. 2. Decision model appl 
response sig 
terion 

Assi a the 90-db. condition was arbitrarily 
and ) the index value of 100 impulses; 
nher” re ig! the values obtained in b, the 
a Dro: Y signal criteria were calculated 
The Proportion of the 90-db. index value. 
mean Rents in Fig. 1 correspond to the 
Th Points for each of the five RT sessions. 
seri n 3 Were plotted along the horizontal 
t E representing the five ready 
un Tepr itions. The three linear func- 
salses ane ae the rates at which the im- 
he nse sic assumed to accumulate for the 
qits De ae inputs. The slopes of the 
hte five me estimated by least squares fits to 
WerSities ‘ans for each of the response signal 
à subj, Slope values for the inputs 
MOsition ject to two restrictions: (a) The 
M qe. criterion lines was based on 

S Ises e assigned index value of 1 
tin functi the 90-db. condition; and (b) 
ine axis on originated at 100 msec. on the 
€cause of the assumed irreducible 
r aes consists of RT components 
» the € influence of stimulus intensity. 
the im served mean RTs are the points 
SCtions € axis corresponding to the in- 
9f the input functions with the 


ied to the effects of practice (Days 
nal intensity on reaction time. 


1-5) and 


appropriate criterion value. While tests for 
goodness of fit were not made, it is apparent 
from Fig. 1 that the data points deviate only 
slightly from the estimated intersections of 
the input functions with the criteria. Since 
the model assumes that the input functions 
fan out from the common origin of 100 msec., 
larger intensity effects were expected for 
relatively high criterion values than for lower 
As noted earlier, this prediction 


values. , th 
received support from the significant Condi- 
i It was con- 


tions X Intensities interaction. 
cluded from the present analysis that the 
decision theory model provides one way to 


account for the effects of ready signal in- 


tensity. 

Grice (1968) has suggested that the prac- 
tice effect typically observed in RT experi- 
ments may result from a progressive lower- 
ing of the detection criterion. He found 
that RT data obtained on 2 consecutive days, 
when presented in terms of the decision 
model, supported the assumption that Ss’ 
criterion decreased on Day 2. The data from 
the present experiment were particularly 
suitable for further evaluation of this hy- 


pothesis, as RT measures from 5 consecutive 
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days of testing were available. Since the 
ready signal conditions were counterbalanced 
over the first 4 days, the data from Day 5 
were excluded from statistical analyses. A 
Days X Conditions X Intensities X Ss an- 
alysis of variance indicated the following sig- 
nificant effects: days, F (3, 9) — 17.24, p < 
-001 ; conditions, F (3,9) = 11.01, p < .001; 
intensities, F (2, 6) — 50,61, P < .001; and 
Days X Intensities, F (6, 18) 2603, p< 
.005. In view of the nonsignificant Days x 
Conditions interaction (F = 1.87), the ready 
signal means within each day were pooled 
into daily grand means. For purposes of 
graphic presentation, the data from Day 5 
also were included among the following 
daily means: Day 1, 308; Day 2, 289; Day 3, 
276; Day 4, 269; and Day 5, 234. Ina 


manner similar to that described previously, 
esti- 
1-5. 
the 


the five daily means were used to obtain 
mates of the criterion values for Days 
The input functions were also fitted in 
same manner as before. 
presented in Fig. 2, 

model accounts for ne. 
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Slow Responders 
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interaction. The data are consistent witli 
the interpretation that one effect of practice 
in RT tasks is a progressive lowering of the 
detection criterion. ^ 
An important feature of most RT p» cua 
ments is the wide and consistent individua 
differences among the mean RTs of nse 
individuals. In terms of the decision model, 
it seems possible that individual enn 
in performance may reflect character $^ 
differences in the detection criteria 5 
various individuals. In other words, n 
with longer mean RTs may adopt a ate 
tively higher or more conservative criteri A 
than Ss with shorter mean RTs. In order hé 
evaluate this hypothesis, the 16 Ss m bar 
present sample were divided into "e ad y 
and eight slow responders as indicated 9. 
their grand mean RT scores. The data mi" 
then analyzed according to a Fast vs. ed 
X Conditions x Intensities analysis of s 
ance. Significant sources of variation W E 
attributed to fast vs. slow Ss, F (1, 14) F 
13.47, p < 005; ready signal conditions ^. 
(4, 56) = 17.50, p < 001; response oli 
intensities, F (2, 28) = 245.33, pe: tei? 
and to the Fast vs. Slow x Intensities "e 
action, F (2, 28) = 1241, p < .001. p 
the Fast vs. Slow x Conditions interac ^. , 
was not significant (F = .62), the ready 5* 
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Response-Signal 
9 30-db. 

4 60-db. 

9 90-db. 


150 200 
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Visual Ready-Signal 


100 100ml (90-db.) 


LL ff 


10m! (60-db.) 


Random 
80 


.0001ml (30-db.) 


60 


IMPULSES 


40 


20 


100 


150 


Ko "d 


Auditory 
Response-Signal 


9 30-db. 


460-db. 
90-db. 


200 250 300 350 


REACTION TIME IN MSEC. 


Fig. 4. Decision model applied to the effects of visual ready signal condi- 


tions and auditory response sign: 


Nal me 
the in were pooled into grand means for 
Sents Vies: fast responders. Figure 3 pre- 
qtlineq Cata in accordance with the method 
hr ince viously, Note again how the 
see, anl. input functions originate at 100 
he ii pass through the grand means for 
Sroups. The significant Fast vs. 
ines eo interaction supports the 
Cnsity imet that the slope of the. RT 
tis ciler is steeper for a relatively 
sis O mode] i value. In terms of the de- 
hat individ results support the hypothe- 
corres idual variation in mean R 
detena ling variation in the values 
n criteria. 


Experiment II 


e 
a 
ms who ae brocedure-—The Ss were 16 
Xp, y Were selected in the same manner as 


he procedure was essentially the 
(a) 


Day 5 
f sched- 


Vis 88 dn p 
feed ready P I, with two exceptions: 
“Ting Ack conden was used; and (b) 
dim jg. o was omitted because o 
S.—' The apparatus was the same a5 that 
he vProgra n except that visual ready signals 
p si med in the trial-to-trial sequence. 
5 Presented were three intensities of white 
1$ j to the dark-adapted S through 
* Window of à-in. milky Plexiglas. 


al intensity on reaction time. 


The window was situated in the front panel of a 
light box, which was mounted at eye level approxi- 
mately 3 ft. from S. During RT trials, S was 
instructed to look straight ahead and keep his 
eyes open. The three light levels were set at 100, 
.10, and .0001 mL. as calibrated by a dark-adapted 
O with a Macbeth illuminometer. These light levels 
were chosen because they correspond in subjective 
magnitude to 90-db., 60-db., and 30-db. tones, re- 
spectively (Stevens, Mack, & Stevens, 1960). In 
accordance with Stevens' (1955) suggestion that a 
decibel scale is appropriate for both sound intensity 
and light intensity, the ready signals employed in 
Exp. II are referred to as 30-db. (.0001 mL.), 60- 
db. (.10 mL.), and 90-db. (100 mL.) light levels. 


Results and Discussion 


Figure 4 presents the results in accordance 
with the decision model. The procedures for 
positioning the detection criteria and fitting 
the input functions were identical to those 
described in Exp. I. Of particular interest 
was the similarity between the results of 
Exp. II and those of Exp. I. That is, mean 
RT was shortest for the 30-db. ready signal, 
longest for the 90-db. ready signal, and in- 
termediate for the 60-db. and random con- 
ditions. An analysis of variance indicated 
that the effects of ready signal intensity were 
significant, F (3, 36) — 4.14, p < 025. In 


addition, the effects of practice and individual 


DAVID L. KOHFELD 


differences were analyzed in the same man- 
ner as in Exp. I. While not presented here, 
the results of these analyses were consistent 
with those presented in Fig. 2 and 3. In 
general, the results of Exp. II indicated that 
ready signal effects were not restricted toa 
single modality; rather, psychophysically 
matched visual and auditory ready signals 
had similar effects on the RT intensity 
functions. 

One difference in the findings of the two 
experiments is worth mentioning. In Exp. 
II, the Ready Signal Conditions x Re- 
sponse Signal Intensities interaction was not 
statistically significant (F =.41). This ap- 
pears to contradict the model's assumption 
that larger intensity effects result from rela- 
tively high criterion values than from lower 
values of the criterion. Moreover, two other 
experiments also resulted in nonsignificant 
Stimulus Intensity x Adaptation (Cri- 
terion) Conditions interactions (Kohfeld, 
1968; Murray & Kohfeld, 1965). While the 
data from Exp. II appear to be consistent 
with the model, as shown in F. ig. 4, the data 
from Exp. I Suggest that relatively wide 
manipulation of the criterion (Day 5, feed- 
back condition) is necessary in order to 
statistically confirm the predicted interaction, 


Discusston 


The main findin. 


g of the present experiments 
was that mean RT 


Systematically increased with 
a corresponding increase in ready signal in- 
tensity. A major Purpose of the research was 
to relate this finding to McGill’s (1963) and 
Grice’s (1968) decision-theoretical approach to 
response evocation. As described previously, 
the decision model assumes that the rate at 
which neural impulses accumulate is deter- 
mined by the intensity of a stimulus input, 
Whereas the number of impulses required for 
à response is determined by 
detection criterion. 


It is noteworthy that McGill's (McGill & Gib. 
bon, 1965) Primary concern has been to deduce 


mathematically a multistage process that ade- 
quately describes i functions. 
Since he assumes £ 


relatively stable over trials, trial-to-trial varia- 
tion in RT is attributed to the variable rate at 
which neural impulses accumulate. On the 
other hand, Grice (1968) has argued that e 
ability in reaction latency can be attribute? 
more appropriately to fluctuations in S’s detec 
tion criterion. Since the criterion appears ye 
be influenced readily by a variety of experi- 
mental and individual difference valabl 
Grice's position has theoretical value. The 
present findings, e.g., indicated that pur be 
nal intensity, degree of practice, and indivi k 
differences were significant determinants, x 
RT and, presumably, S's detection cuter 
While the present research leaned heavily (a 
McGill's assumptions regarding sensory pac 
it is clear that the primary emphasis was on 
role of criterion variation in reaction Mise 
The present results appear to be consiste" 
with an adaptation level approach to contes EE 
phenomena, AL theory states that the expe in 
ence of a given intensity can be described " 
terms of its contrast with some reference le y 
of stimulation. If one assumes that the ge 
signal served as a reference against which ih 
response signals were compared, the 9 R 
ready signal produced the longest mean t or 
because the response signals were all 1 re- 
below AL, whereas the 30-db. ready signa d 5 
sulted in shortest mean RT, the response sig 60- 
all being at or above AL, Similarly, d 
db. and random conditions produced interm 
ate levels of responding, the effective als 
being close to the mean of the response sd 
While it appears that the concepts of AL ties, 
detection criterion have analogous proper?" 
the latter concept provides a more specific ^. 
Scription of the mechanism of response €V ef- 
tion, at least for studies of stimulus intensity 5 
fects in RT (Grice, 1968). Furthermore, eorf 
ray (1969) has pointed out that AL te hat 
Provides no way to account for the fact 
relatively high criterion values (high tha? 
Produce larger stimulus intensity effects "5, 
when lower criterion values (lower ALS) er 
assumed. The decision model, on the rion 
hand, predicts a Signal Intensity x Crite by 
Level interaction, a prediction supporter in 
Murray’s results and by those reporte 
Exp. I. del i$ 
Another advantage of the decision dams 
that it may account for Behar and elate 
(1966) finding that RT was inversely ntrast* 
to ready signal intensity, a result that con e- 
with the present findings and with those P1967; 
vious RT studies (Baumeister et al., and 
Kohfeld, 1969). Three aspects of Behar 
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Ed ned are worth mentioning. First, 
in Which oA a conditioning-like methodology 
sented on E one response signal was pre- 
Variation all trials, and little within-session 
Second the x foreperiod interval was used. 
With the res ready signal overlapped temporally 
minated si P signal, both signals being ter- 
most FAS. taneously. Third, and perhaps 
Signal in So they concluded that the ready 
analogous LP experiments had properties 
tioning T those of the CS in classical condi- 
Grice, Hu n this vein, it is noteworthy that 
reported trict” Kohfeld, and Masters (1967) 
Shorter Jat at a relatively intense CS produced 
analogous ency CRs than a weaker CS. The 
rice et ap oTe of Behar and Adams’ and 
view of ih results is especially significant in 
tioning ya, cent proposals that classical condi- 
text of q Tiables can be studied within the con- 
1967), pasion theory (Grice, 1968; Suboski, 
Suggested T example, Grice (1968, p. 362) has 
“al eyelid at the intensity of the CS in classi- 
the input (conditioning determines the slope of 
Adamo unction, With respect to Behar and 
signa] int design, if one assumes that ready 
Accumulo rios determined the rate of impulse 
trace vs ‘on, whereas other variables (e.g 
detection delayed presentation) influenced S’s 
Only conn terion, then the results are not 
also suo stent with the decision model, but 
Signa] um their conclusion that the ready 
Tn gy, ved like a CS. 
Signals ce » it was found that visual ready 
NS mas uenced the detection criterion in the 
miner as when auditory ready signals 
This finding has at least two im- 
anal effect, First, it demonstrates that ready 
WS not pos’, nd consequently the criterion, 
at reflect sisted to peripheral mechanisms, 
m.in natur Process that could be termed cen- 
m at x The second implication of Exp. 
Proviqe € concept of a detection criterion 
1.5 at leues o explanation for intersensory En 
T lon for cases in which an interval o; 
eff eet separates the stimuli. Inter- 
themes a ects are said to occur when re- 
© Dresa e either facilitated or inhibited by 


Dre : 
reciting tion of stimuli in two or more 
thal Nse " The fact that the latency of 2 
op inten, ^^ auditory stimulus depended on 
Megs With fa preceding visual stimulus, 
{yp lated n the inference that this effect was 
fe guo" Criterion variation, suggests that 

EE of sensory interaction may profit 


ecisi 
'Sion-theoretica] approach. 
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FORGETTING IN SHORT-TERM RECALL: 
ALL-OR-NONE OR DECREMENTAL? 


THOMAS O. NELSON? ann WILLIAM H. BATCHELDER 
University of Illinois 


Three experiments employing various replacement-repetition methods in- 
vestigated the nature of the forgetting process in the Peterson and Peterson 
short-term memory (STM) paradigm. In the first two experiments, incor- 


rectly recalled CCCs were repeated and their subsequent recall was compared 


with the recall of new CCCs. 
replacing individual letters pri 
lowing relearning was superio: 


In the third experiment, several schemes for 
or to repetition were compared. Recall fol- 
r to recall following new learning only when 


some of the letters of the repeated CCCs had been correct prior to repetition. 


Significant numbers of phon 
for predicting relearning. 


to be relearned. 


Following Rock's (1957) study, 
of experiments probed into the all 
vs. incremental learnin 
ing (1964) concluded 


a flurry 
-or-none 
g controversy. Tuly- 
that learning is neither 
all-or-none nor incremental, but rather, 
simply, all. If this proposition is valid, then 
incorrect recall is the result of forgetting, not 
incomplete origina] learning (cf. Bregman, 
1967). The Present study investigated 
whether forgetting, in particular that follow- 
ing short-term memory (STM), is an all-or- 
none or decremental process, 

Decremental forgetti 
symmetry to the Hull 


Strength is gradual, 
decremental process su 
multistate forgetting model (see Fig. 1). 

One all-or-none explanation of forgetting 
Suggests that an item, upon being forgotten, 
Immediately loses all of its associative 
Strength and recedes back to the unlearned 


(U) state (Bernbach, 1965. R A 
Calfee & Atkinson ‘ Owen, 1962; 


ggests a continuous 


z » 1965). Another all-or- 
none view, suggested by Atkinson and 
Crothers (1964, p. 288), is that when an 


item is forgotten, it does not return to the U 

1 Requests for 
O. Nelson, Depa 
of Illinois, 


reprints should be 
rtment of P 
Urbana, Illinois 61 


sent to Thomas 


sychology, University 
801. 
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emic confusions occurred, but had little value 
It was concluded that 
in an all-or-none fashion and (b) benefits of relea 
ing occur only when segments of the relearned ma 


(a) letters are forgotten 
rning over original learn- 
terial do not, in fact, have 


state; instead, it will recede only as orie 
a forgotten (F) state, which in associativi 
strength terminology is somewhere oat"? 
the recall threshold and the U state. 4 P 
though S guesses in both states, relearn™ 
is more likely from State F. Figure 1 je 
pares these three conceptions of the forge 
ting process. m 
More recently, several investigators pet 
Tepresented STM by a finite-slot storage 
buffer (Atkinson & Shiffrin, 1968; W de 
& Norman, 1965). The implication of "in 
models is that an item either is or is not o 
STM; however, these formulations do pel 
imply necessarily that individual items pni 
be represented by a simple two-state ape 
none model since the probability that ant ma 
is stored on presentation may depend on 
current state of the entire storage buffer. 
Data related to these ideas can be obtain 
by using the Peterson and Peterson apad 
STM paradigm. In this paradigm, it =h 
sumed that every item is learned are 
acquisition because immediate retention te. 
yield nearly 100% correct recall; thus, , e . 
trial acquisition of these simple items 15 
sured, although retention is a funeuor 
the interval between presentation and orte 
[Bernbach, 1965, p. 128].” Ifa fore” i e 
item retains some subthreshold assoc!? 
Strength (as in the decremental model E 
F-and-U model), it should be easier to eet 
after being re-presented than items prese? 


ed 
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DECREMENTAL 


MULTI-STATE 


ASSOCIATIVE 
STRENGTH 


TIME (SEC.) 


OF th 
the Gree g ee : : 
tive] st time; if a forgotten item effec- 


i ~Y lose A 

P the te T of its associative strength (as 
sier to es y model), it should not be any 
: ecall after relearning than items 


‘ary, 
€d for the first time. 


qn Ex Experiment I 
" i Ph S were given an initial block of 
wed and 2 1 ncorrect items were TC 
i, ond Bedae items were replaced in the 
ite Mpare re six trials. The intention was 
8 wit] ecall of. re-presented forgotten 

1 that of new items. 


M ethoq 


Rr; Diects 
aite shade materials —The Ss were 34 under- 
haq Tu idis from the University of Illinois, 
(Wi@Sociation wally. Eleven CCC items that 
a ner, 1935 values of 21-25% were selecte 
ttig dak Cas ). The items were presented with 
Vang, Lodel ott projector; a California Indus- 
p, ment OA tape reader triggered the ad- 
at "Ocedup et each slide. 

; e gud instructions—Each S received à 
i eterson and Peterson trials (which 
nal (P 
| 3e), CCC item (1 sec.), retention in- 
The 
CC item aloud during acquisition. 
ive 


ted to recall 
en if he 


Was i ; 
As instructed in the procedure, two 


TIME (SEC) 


Fic. 1. Comparison of three models of forgetting. 


ALL-OR-NONE 


F-AND-U U-ONLY 


RECALL 


THRESHOLD 


TIME (SEC) 


practice trials with nonexperimental items were 
run. If S had no questions, the first block of six 
trials began. If S was incorrect on either all or 
none of the items, he was eliminated irom the ex- 
periment (resulting in the loss of two Ss). An 
item was considered correct only if S recalled all 
three letters in their original serial positions. For 
Ss who forgot at least one, but no more than five, 
items, the second block of six trials began without 
interruption. 

The items in the second block were chosen ac- 
cording to two criteria: (a) Items that were in- 
correct during the first block were re-presented in 
the same sequential position in the second block; 
thus, there were always 5 items intervening be- 
tween the first and second presentations of an 
incorrectly recalled item. (b) Items that were 
correct during the first block were replaced by new 
items in the second block. The 11 items selected 
ior the experiment were used approximately 
equally oíten as Block 1 items and Block 2 re- 


placement items. 


Results 

Item-level analyses.—First, the data were 
scored as errors or successes in recall of the 
entire CCC item. Each S donated three de- 
pendent measures: the proportion correct 
during the first block (Bi), the proportion 
correct on new (replacement) items during 
the second block (N2), and the proportion 
correct on repeated items during the second 
block (Re). Each of S's three proportion 
scores was converted into radians ($ = 2 arc 
sine P ; Snedecor, 1956) because the denomi- 
ors varied across Ss in accord with the 


nati 
It should be 


number of Block 1 errors. 
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noted that analyses involving the untrans- 
formed proportions were in essential agree- 
ment with those of the transformed propor- 
tions. 

To compare Block 2 performance on re- 
peated and replacement items, a ¢ test for 
paired scores was performed on Re and Ng. 
The results yielded only marginal evidence 
for improved recall for repeated items, £ (31) 
= 1.90, p < .10. Comparing Bi with Ns 
failed to reveal any evidence for a change in 
performance on new items between Blocks 
l and2, t (31) = .56, 

In Tesponse-contingent replacement stud- 
les, individual-difference factors can con- 
found the results. Table 1 presents the 
intercorrelation matrix for By, No, and Ra. 
If individual differences were operating, high 
correlations would be expected. Each cor- 
relation is based on 32 Cases, and none of 
them approaches statistical significance. 

Analyses based on number of letters 
missed originally.—Viewed in the light of the 
research on the relationship between the 
nümber of presented chunks and STM 
(Melton, 1963; Murdock, 1961), it seems 
naive to pose the question of the nature of the 
memory trace solely on the level of the entire 
CCC item, Therefore, the proportion of 
correct repeated items was ass 
function of the nu 
ing the original B, trial. 


1, P(C[iW), 
With P( C[N) representin 
correct on new ( Block 2) items and P(C|R) 


TABLE 1 
INTERCORRELATION MATRIX ron Bi, Na, 


ND a 
IN Exp, I AAD, Re 


Measure 
Measure 


B 


1 i 
Re -089 
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TABLE 2 


^ 
c NDI*. 
PROPORTION or ITEMS CORRECT IN BLOCK 2, ee 
TIONAL ON NUMBER or LETTERS MISS 


IN BLock 1 
Measure | Proportion Denominator 
P(CIN) 405 m 
P(C|3W) «429 E. 
P(C2W) .549 26 
P(CIIW) -611 08 
P(C|R) Em I 


jon 
The pattern in Table 2 supports the € 
that the more letters missed originally, nta 
poorer the performance during re-prese" in 
tion. Since the intercorrelation matus. 
Table 1 indicates no evidence for indivi 
differences, the pooled data were subject? 
7 tests of the difference between each Conr 
proportion on repeats and P( CIN). re 
paring P(C|R) with P(C|N) yields the 
1.94, p = .05, which is consistent with 


results of the ¢ test for repeats. fol 
scores for P(C|iW) —P(C|N) are p 2 
lows: for i= lgs 


2.07, p = 04; for $770, 
2—163, p —.10; and for i= 3, 4 
$ = 84. These analyses suggest m 
improved performance on repeated ste ile? 
coming from items that S only partially 
to recall during Block 1. ex 
Letter-level analyses.— Additional s 0 
dence for the role of individual 1e of 
recall comes from an analysis of the re tio” 
Single letters. Let P (c|n) be the prop a be 
of letters correct for new items, P (cl) ers 
the proportion of originally missed reli) 
that were correct on repetition, and P(C 


5 
e : tte 
be the proportion o£ originally missed le 


i 
Loon that 
that were correct on repetition, given t Je 
p , 8 


letters were missed originally. For -— d 
P(c|2w) is the Proportion of letters CO 


the 


TABLE 3 p 
PROPORTION or ORIGINALLY INCORRECT d 
ORRECT ON REPETITION, CONDITIONAL 
NUMBER or LETTERS ORIGINALLY 


MissEp 
tof. 
Measure Proportion | DR 
[EL alatis ERN 

P(c|n) 571 257 
P(c|3w) .619 102 
P(cl2w) -608 36 
P(cllw) 778 01 
P(clr) 642 2 
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b iti > H " A 
bs Tepetition that were missed in items with 
vo letters wrong during Block 1 trials. 


T: SM 
on 3 presents these conditional propor- 
ns, 


m test comparing P(c|n) with each repe- 
sults da Toportion was performed. The re- 
pz gaS as follows: with P(c|r), s 1.53, 
Es im P(c|lw), s= 2.37, p = 02; 
Pliny oe 2= 1,30, p= .19; and with 
cant pes Z= 34, p — 73. The one signifi- 
Proved erence indicates that repetition im- 

ed recall only when no more than one 


ett ) 
ES ond been missed during Block 1l. The 
"Ar identity of P(c|n) and P(c|3w) is ad- 


d ` 
sedis vidence that an item with three 
or item : ssed originally has no residual letter 
Correct Siem The proportion of originally 
Was So that remained correct in Block 
this pro Qr = 124) ; a z test comparing 
Which hae with P (c[n) yielded z = 4.13, 
have hi Icates that previously correct letters 
tion , "Eher retention following re-presenta- 


On th 
a 
first mx do new letters presented for the 


ScUssion 


h 
Proved Multa of Exp. I all point to an im- 
nly ; Performance following re-presentation 
Presentation’ letters were correct on original 
"Deats Ee The improved performance on 
D etter ld be due to remembered letters 
m Uce t Sequences) from Block 1, which may 
hore aie ve item size in Block 2. Even 
owe DN i from re-presentation. might 
ha ect lett ed if the proportion of originally 

db ios remaining correct after repetition 

n higher than .790. 


Te s 1963), taking theoretical account of 
“All ¢ TY (1961) results, argues that the 
(y ters ( for an item depends on the number 
tio?) items” Chunks) in that item; thus, new 
m Curve could be following a steeper reten- 
On fr an the repeated items with facili- 
previous partial recall. Tf Melton 
Tete, , S0] mply due to long items havin 
ah Stig rate letters to be remembered, the 
thig ld be "odia Íor a single letter in an item 
sg MES 1 Same for various item lengths. If 
Sho lette hen the proportion of originally 
a no, > that become correct on repetition 


pend on original performance. 


However, the fact that Block 2 performance on 
a single previously missed letter is significantly 
higher than performance for new letters sug- 
gests that the effective length of the item to 
be learned (or relearned) may also influence 
single-letter retention. This would suggest that 
the short-term retention of a single chunk 
would depend on the number of chunks already 
in memory. This assumption is not inconsistent 
with Melton's demonstration that first-letter re- 
tention, as well as entire-item retention, is a 
function of item length. 


EXPERIMENT II 


The failure to find stronger evidence for 
the preceding propositions may have been 
due to the five items that intervened between 
a Block 1 item and its re-presentation. Even 
if there was facilitation from one or two pre- 
viously recalled Block 1 letters, interference 
from the five interpolated items may have 
counteracted the facilitation from previously 
recalled letters. It may be that for a trace 
to strongly benefit relearning, the re-pre- 
sented item must somehow "connect" with 
its own prior trace. In addition, the memory 
for missed letters may even have been a 
decremental process that reset to zero during 
the 127 sec. before Block 2 repetition began. 
Experiment II was performed to test the 
role of an interpolated interval (without in- 
tervening items) between original presenta- 
tion and repetition as well as to provide a 


replication of Exp. I. 


Method 

The Ss were 25 Ss who took part in Exp. I, 
and they were run individually after a brief rest 
from Exp. I. The general procedure was the same 
as that for the previous experiment except for 
four modifications: (a) The 20 items were again 
CCCs, but this time they had a Witmer association 
value between 29% and 33%, ie, slightly easier 
items. (b) The Ss were instructed to read the 
items silently to themselves during acquisition. 
(c) Each time an item was missed, it was re- 
presented either 5, 25, or 65 sec. later; this inter- 
trial interval was filled with number reading. Cor- 
rect items were also followed by the 5-, 25-, or 65- 
sec. intertrial interval, but they were not re- 
presented. (d) Each S received a total of 20 
trials, including both the trials with new items and 
the trials with re-presented items; the order of 
item presentation varied randomly across Ss A 
tape reader programmed the intertrial intervals in 


a random order. 
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Results 


Preliminary.—TIo test for homogeneity in 
item difficulty, a chi-square test was run on 
the number of times that each of the 20 items 
was correctly recalled during first presenta- 
tion, x? (19) = 147, p> .50. This indi- 
cated no evidence for item differences. 

Intertrial interval.—The performance on 
repeated items was computed for each of the 
three intertrial intervals. The data were 
first pooled over Ss and items, and then the 
proportion correct at each intertrial interval 
was assessed. These proportions were .67, 
.67, and .71 for intertrial intervals of 5, 25, 
and 65 sec., respectively. There is no evi- 
dence for an intertrial interval effect, al- 
though the denominators of 64, 30, and 68, 
respectively, preclude strong confidence in 
the identity of these proportions. 

Item-level analyses.—Since the intertrial 
interval did not seem to be a factor, the data 
were pooled over intertrial intervals and 
analyzed like those from Exp. I. Each S in 
Exp. II donated two dependent measures: 
(a) the proportion correct on original items 
and (b) the proportion correct on repeated 
items. These data were transformed to 
radians, and a t test of paired scores yielded 
at (24) = 5.18, p < .001, indicating strong 
evidence that performance on repeated items 
was superior to performance on original 
items. 

The data were pooled also over Ss and 
items and subjected to an analysis of the 
proportion of correct items conditional on 
the number of letters missed originally. 
Let P(C|O) be the proportion of correct 
original items, P(C|R) be the proportion of 
correct repeated items, and P(C|iW) be the 
proportion of correct repeated items condi- 
tional on i letters missed originally, i — 1, 2, 


TABLE 4 


Proportion or Items Correct, CONDITIONAL ON 
NUMBER oF LETTERS ORIGINALLY MISSED 


Measure | Proportion Denominator 
P(C\O) ! 14 33 
P(CIAW) ‘519 i à 
P(C2W) | .646 65 
PCA ) .786 | 70 
P(CIR) | .685 | 162 


; B "m" mm- 
presentation is the same as original perfot 
ance. 


P(C|O) with each of the repeat proportio 
The results were: with P(C|R), #= 01: 
p< 001; with i=1, 2= 4.16, p <0 
with i = 2, z = 1.95, p = .05; and with d i 
z = 05, p = 96. Thus, the evidence i$ qu a 
strong that the significant improvement 


[a 

repetition is due to items that had one. °" 

most two, letters missed originally. call 
Individual-letter analyses —The Tanet 


process on individual letters provides fur 
evidence that improved recall following aly 
presentation is due to letters previot d 
remembered. 
letters remained in memory during the !? 
trial interval is shown by the proportio" 
letters correct on Trial n + 1 given that P 
were previously correct on Trial n ; this 
ditional proportion was .932. 


correct originally, and let P(c|t) id^ 
P(cliw) be defined as in the Exp. I indi” ts 
ual-letter analysis. 
these proportions, supports the conc 
of the previous analysis. The difference sig” 
tween P(c|lw) and P(clo) is the only 2f 
nificant comparison involving P(clo) * 


2.04, p = .04. 
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TABLE 5 


PROPORTION OF ORIGINALLY INCORRECT LETTERS 
Correct ON REPETITION, CONDITIONAL ON 
NuMBER oF LETTERS ORIGINALLY 


MissED 
Measure | Proportion Denominator 
P(clo) | -716 E 
t; (c|3w) | 630 E 
P(c|2w) | SE] 130 
P(ellw) | .829 70 
P(elr) | 746 281 


— 
3. Table 4 presents these proportions, which 
provide a close replication of Table 2 (EXP 
I) except that all of the present proportion 
are higher. Again, the proportion co 
on repeats was a decreasing function of thi 
number of letters missed initially. In addi- 
tion, P(C|3W) was nearly identical 3 
P(C|O), suggesting that if all three leer 
were missed originally, performance o" T 


aring 
Separate z tests were done compat 


" ere 
That previously rememb r 


hey 
com 


tter? 
d 


Let P(c|o) be the proportion of le an 


x repo 
Table 5, which ‘sions 
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Discussion 


The Ex 
iT E 2 provide a close replication 
recall in cos ing the notion that improved 
Some of the lett ntation occurs if and only if 
Seems likely tl ers were originally correct. It 
tive shorteni lat this effect is due to the effec- 
Previously in of the repeated item because of 
Or this Lee letters. The evidence 
Postulates "that 1esis and its refinement, which 
Pends on the single-letter retention also de- 
In the canis a of unremembered letters 
"S, Both €— item, is shown in Tables 
Probability emeve analyses reveal that the 
pends on th being correct after repetition 
minimum at ieri of missed letters, with a 
ither on a ne probability of being correct 
Viously ae egg items with every letter pre- 
and more m or on new items. Additional 
Items ie le evidence that completely missed 
etter e às new items is the near identity 
Complete] ormance on new items and items 
, dene p. ditia: 
memory y for the notion that the single-letter 
"none ds can be represented by an all- 
Ure to d s comes both from (a) the fail- 
initially Mee Diala repeats completely missed 
oil, and new items, either in letter or item 
a intereat > the failure to find a signifi- 
aes eters E oir effect in Exp. Il. 
With Tace, effer ained some subthreshold mem- 
oj. AN, iher rmance on repeats should decline 
easing intertrial interval, just as 


tigi 

te Mal reca 4 

nti, . «Call decl E r 7 s 
n interval, ines with an increasing T 


of 


Experrment III 


Ne : 

pong y experiment was designed as & 
on -I and od the hypotheses suggested by 
teotly one g In Exp. III, S was tested 
te ented e of the three letters originally 
f a recall error was made, he 
Th Wed b peat trial on a "related" item, 
es subset another single-letter recall test. 
the riment i f repeat trials that is of main 
Sy, me si interest involved a letter test at 
of Pose 5 ter Position as originally tested. 
>and y Sees BCD, is tested for the recall 
makes an error. There were four 
S that differed in the nature of 
item: (a) Group 1 Ss received 
à of the same item, BCD; (b) 

had a new letter substituted for 
And received the item CD for 
trial; (c) Group 3 Ss had only 


ely x 
follo ed a re 


: rep, Peateq 
Group tion 
the Bs J 
Tepe, 

at 
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the untested letters replaced for their r 

e.g., BXZ; and (d) Group 4 Ss had teres 
tested letter and the untested letters replaced 
e.g. JXZ. Thus, the four conditions fall 
into a 2 X 2 design involving the same or 
different tested letter (e.g., B vs. J) and the 
same or different context (e.g., CD vs. XZ) 
If the hypothesis of single-letter all-or-none 
forgetting, with relearning probability de- 
pendent on the context, holds, then the main 
effect of context ought to be significant, with 
best performance occurring when the context 
is the same on the repeat trial as it was on the 
original trial. If the single-letter forgetting 
process is all-or-none, fresh letters could be 
substituted for missed letters without finding 
a significant main effect of letter. 


Method 


Subjects and design.—The Ss were 84 under- 
graduates from the University of Illinois, whose 
participation fulfilled a course requirement. A 
factorial design with the aforementioned two fac- 
tors was employed. Twenty-one Ss were randomly 
assigned to each of the four conditions. : 

Apparatus. —A Kodak Carousel projector was 
used to present the slides. The presentation order 
for one complete trial was: “Ready” signal (2 sec.), 
CCC item (1 sec), retention interval (15 sec.), 
recall interval (7 sec.), and intertrial interval 7 


sec.). 
Procedurc.—Each 


insure that S learne 


S was run individually. To 
d each item, S was instructed 
to read every item aloud during acquisition. Dur- 
ing the retention and intertrial intervals, S saw a 
matrix consisting of five rows of random digits with 
12 digits in each row and was instructed to read the 
digits aloud as fast as possible. At the beginning 
of the recall interval, a slide appeared showing two 
asterisks and a dash (eg, **—) and S was in- 
structed to say aloud the letter that had originally 
appeared in the position marked by the dash. 
Each letter position was cued approximately equally 
often. 

If S correctly recalled the cued letter, a new 
original item appeared on the next trial. However, 
if S missed the requested letter, on the next trial 
he was exposed to an item related to the one just 
The four conditions in the experiment 


missed. 
differed only in the nature of the related items that 
were presented following  single-letter errors. 


lated item could have the same or 
different letter (LS or LD) and the same or dif- 
ferent context (untested) letters (CS or CD). 
These variables comprised the two factors in the 
design. Group LS-CS always saw the same item 
following a single-letter error; Group LS-CD 
saw an item with the same tested letter but two new 
context letters; Group LD-CS had only the tested 


Basically, a re 
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hanged; and Group LD-CD saw an item 
perd al tice letters changed. The Ss were run 
until they made eight single-letter errors or until 
the 48 items were exhausted ; in the latter case, they 
were eliminated from the experiment and replaced 

Ss. 
ke errors on tested letters, the related 
items were tested four times at the same letter 
position, interspersed with four times at a different 
letter position. The data for all of the relearning 
analyses came from the four trials where each S 
was retested in the same letter position following 
an error. . 

Items.—All of the CCC items had a Witmer 
(1935) association value of 25% (this included the 
transformed repeat items). None of the items 
contained the letters M, N, V, or W. "There were 
four sets of items, one for each group of Ss, 
devised as follows: First, a core list of 48 items 
was assembled, along with the selection of a letter 
position to test in each item. Then, a replacement 
list of 48 yoked, related items was assembled for 
each group. These replacement lists corresponded 
to the group conditions previously mentioned (e.g., 
for Group LS-CD, the yoked item had the same 
letter in the tested position but new context 
letters). 

For the first S in each group, all of the original 
items came from the core list and all of the repeat 
items following errors came from the replacement 
list. Missed original items and their yoked repeat 
items were juxtaposed for the next S to insure 
that each item would appear approximately equally 
often as an original item and as a repeat item. 
Thus, as the experiment progressed, the current sets 
of original items and repeat items were each com- 
prised of both core and replacement list items 


(where core and replacement are defined in terms 
of the two lists for the first S); 


Results 


Letter-level analysis —The dependent var- 
iable came from repeat trials where the letter 
to be recalled was in the same serial position 
as the letter forgotten on the previous trial. 
There were four such trials for every S. 
The proportion of correct responses on these 
trials was determined for each S. ; the mean 
of these proportions for each group is shown 
in parentheses in Table 6. 


The frequency of correct responses (ie. 
proportion correct x 4) for each S was en- 
tered into a two-way analysis of covariance, 
The two main effects were tested letter (LS 
or LD) and nontested context letters (CS 
or CD). There were two covariates in the 
analysis, corresponding to two possible 
sources of confounding in Exp. III. One 


covariate adjusted for any intergroup differ- 
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TABLE 6 


MEAN PROPORTION oF CorREcT RESPONSES ON 
REPEAT TRIALS WITH RECALL AT SAME 
SERIAL POSITION AS ON 
Previous TRIAL 


Tested letter 
hu. EO eS saca M 
Context letters Same as Dune z 
previous revious 
trial "i trial 
=: 
Same as previous 
trial 482 | 750 | 765, 
(.762) | (.738) | C 
Different from 550 
previous trial .585 .512 865) 
(608) | (525) | C 
X .682 .632 
(.685) (.630) 


rs 
; number 
Note.—Numbers in boldface are adjusted means; PU 4 
parentheses are nonadjusted means, Analysis of CO. 

MS. = .713; analysis of variance: MS» = .811. 


in 


ences in inherent recall skill that may x 
survived the random assignment of 95 an 
groups. Notice that all four groups e 
with the same core list of items. Lus "^ 
differences in the groups’ proportions © S 
list items correct during original trials C? ill 
attributed to varying inherent recall E 
This covariate adjusted the dependent al 
able score of each S so that inherent et 
skill would not bias the results (the aC 
entry for this covariate was the arc Sy 
the proportion of core list items a 
recalled during original trials), The the 
ond covariate adjusted for differences i 5. 
inherent difficulty of items from the four if- 
placement lists. Since each group ha! 
ferent replacement lists, it was possible e 
differences on repeat trials could be dt the 
easier replacement lists rather than t? eat 
contingency between original and Té 2 
items being investigated. Thus, each 5 pis 
pendent variable score was adjusted os 
proportion of correct responses on he 7€ 
original trials containing items from th int? 
placement list (again, the actual van de t* 
the analysis was the arc sine of the PT first 
tion).? The correlation between the 


that 
to 


g 
2 For Ss in Group LS-CS and for the first eje 
each remaining group, their first-covariate : s be 
were also used as their second-covariate Cae 5 
cause there were no distinguishable replace™ 
items on original trials for these Ss. 
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ie ei the dependent variable was 
covariate € correlation between the second 
4.374 y the dependent variable was 
oth Ova | the multiple correlation between 
Was + 37H. and the dependent variable 
Tesponses he mean proportion of correct 
after Seah same-position-cued repeat trials, 
face type ; late adustments, is shown in bold- 
ype in Table 6. 
tesil was Significantly better when the 
changed Par the same than when it 
eee (1, 78) = 2122, p < 001. The 
accounted que ve ctunped-conbext variable 
© depend or 20% of the total variance in 
Veen the s nt variable. The difference be- 
Sllers did €call of same and changed tested 
i cance Pur even approach statistical sig- 
Testeq Let (1,78) = 1.13. The Context X 
Cant, p etter interaction was also nonsignifi- 
© (1, 78) = 19. 
varianc be noted that a two-way analysis of 
Yielded + with no covariance adjustments 
analysis sults that paralleled those from the 
ach bass Covariance. The respective Fs, 
< 001i on 1 and 80 df, were 14.11 (? 
op? 119, and .37. 
March pee analyses.—Since previous Te- 
oft as shown that errors in STM are 


en c 
Wig qhonemic confusions (Conrad, 1964; 


Con: 


Right 1966), some improvement 
Piin: * expected during repetition if the 
"date, , CITOr response was phonemically 


tention” o the correct letter (ie., “partial re- 
on ach oF the correct letter). 

vli M the 84 Ss contributed eight 
the € c di errors to the phonemic analysis. 
(ni asis es of consonants were formed on 

honemi „of a common vowel phoneme 

“zation from Gleason, 1955) : 
Ap hic Consisted of [B, C, D, G, P, T, V, 
Share an /iy/ phoneme; C» con- 
U5 L, M, N, S, X], sharing an Jel 
"in an pw Cs consisted of [H, J, XI: 
cohen, phoneme. Table A presents 
er plon matrix whose ijth term is 
TM in of times the error response to à 

9 test Er Ci was in Cj. 
tme sie ull hypothesis that VO 
Tigin hilarity did not account for errors 
| items, expected frequencies were 

nfortunately, the independence 


wel 
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TABLE 7 


FREQUENCY OF ORIGINAL-LETTER_ ERRORS AS A 
FUNCTION OF CORRECT AND OBTAINED 
VOWEL PHONEMES 


Obtained vowel phoneme 
Correct vowel 


phoneme 
fiy/ /e/ /ey/ 
" 152 40 91 
fiy/ (124.2) (58.6) (97.8) 
68 38 58 
/e/ (86.5) | (26.7) (58.1) 
54 30 23 
/ey/ (55.5) (22.3) (24.4) 


Note.—Entries without parentheses are observed frequen- 
cies; entries in parentheses are expected frequencies, 


assumption does not imply that the ex- 
pected frequencies can be obtained directly 
from the marginal frequencies in Table 7 be- 
cause, e.g., when the correct letter is H, only 
J and K could be given as Cs errors. The 
expected frequencies were computed by first 
considering the number of times that a par- 
ticular letter was tested. Then, the fre- 
quencies of errors in the three classes were 
determined under the assumption that the re- 
maining consonants would be given as errors 
independently of the phoneme class of the 
presented letter. These expected frequen- 
cies are shown in parentheses in Table 7. 

If phonemic confusions did account for 
errors, then the observed frequencies on the 
main diagonal of Table 7 (which reflect 
rs in the same phonemic class as the 
correct letter) should be higher than their 
corresponding expected frequencies; the re- 
verse pattern should occur for off-diagonal 
entries. It is clear that this pattern generally 
holds, and a chi-square test comparing ex- 
and observed yielded x? = 21.8, p < 
‘01.2. Thus, there is evidence for the hy- 
pothesis that letter errors tend to be related 
phonemically to the correct letter, although 
the evidence does not reveal a strong rela- 
tionship. 

Even though phonemically related errors 
original recall, phonemic simi- 


erro 


pected 


occurred in 


8 The correct degrees of freedom for the test are 
not easily obtained since a letter-level guessing 
model was used to compute the expected fre- 
quencies. However, the degrees of freedom are ob- 
viously between 4 and 8; the reported significance 


level is for df = 8. 
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larity played no systematic role in predicting 
performance on re-presented letters. When 
S's error was in the same vowel class as the 
correct response and the same letter was re- 
peated and tested, the proportion correct was 
.698 (N = 53); when S's error was in a 
different vowel class, the analogous propor- 
tion correct was .661 (N = 115). These 
two proportions did not differ significantly, 
s= 47,p= 64. 

Transposition analyses —Letter errors can 
be analyzed not only phonemically, but also 
in terms of whether they come from within 
the item (transposition) or from outside the 
item (intrusion). It is known that trans- 
positions account for a large proportion of 
errors in STM (e.g. Conrad, 1965). Table 
8 presents a 3 X 4 matrix whose ijth term 
is the frequency of times that the requested 
letter was in Serial Position i and the 
error response was in Serial Position j 
(j = 1, 2, 3) or from outside the item G= 
intrusion). 

Table 8 indicates that 42% of all errors 
were transpositional. Also, when the re- 
quested letter was in the first or third serial 
position, significantly more adjacent trans- 
positions occurred than remot 
tions, x? (1) = 25.29, p < 001. 
strong serial position effect is reve 
row marginals, indicating that fe 
are made when the requested lett 
first, then third, and finally, se 
position, x? (2) = 28.67, p < .001 

Since transpositions account for original 
errors, perhaps single letters missed through 
transpositions will show better performance 
following re-presentation than letters origi- 
nally missed through intrusions. Tf so, the 
recall following re-presentation should be 
higher when the original error was a trans- 
Position then when it was an intrusion. For 
Same-context repeats, the proportion correct 
(following Te-presentation), condition 

the same tested letter and 

position error, was .806 (N 
conditional proportion with 
than transposition was .729 
difference = 83, p =.41. The analogous 
proportions when the originally tested letter 
was replaced by a new letter were .758 (N = 


e transposi- 
Finally, a 
aled in the 
wer errors 
er is in the 
cond serial 


al on 
a previous trans- 
= 36) ; the same 
intrusion rather 
(N = 48), z for 
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TABLE 8 


d RE 
FREQUENCY OF ORIGINAL-ITEM ERRORS T tg 
TRANSPOSITIONS AND INTRUSIONS ASA uN 
TION or REQUESTED LETTERS's SERIA 


PosrrioN 
! 
| Error 
Serial 
Pu Position transposed from 
quested Intru- z 
letter sion 
1 | 2 | 3 Me 
1 - 42 | 22 109 d 
2 60 — 64 161 214 
3 23 65 -— 126 


N 
33) for previous transposition and 726 i 
51) for previous intrusion, z for du 
= 33, p = 74. Thus, in the present exp" ; 
ment ( where context letters were not i it 
transpositions had a nonsignificant facilita ii 
effect; whatever influence they do havs 
relearning missed letters does not seem á 
potent. Transpositions may have items 
an effect on the recall of re-presented n 
than on the recall of re-presented misse 
ters. Additional research is necessary g, 
untangle the relearning benefits of transie 
tions from the relearning benefits of reta 
context letters. 


Discussion 


tas 
following re-presentation. Thus, for ‘peat? 
considered, the recall of single letters 4l or ? 
all-or-none. Second, if a missed vat ext 
substitute is re-presented in the old € reseh” 
subsequent recall is better than when ro Tecan? 
tation is in a new context, presumably TÉ not | 
one or two letters of the old context "^ ser - 
forgotten prior to re-presentation ; ed ite | 
quently, the memory load for the repeat 

is less. on 


T rors 1 
The phonemic and transposition d with at 
original trials seem to be in accor 


ning is 
+ Transpositions tended to facilitate pelen ut not 
the item level in Exp. I and II (the data ih 
reported because of small N), but only Mea 
original-trial response contained two inc iffere is 
ters (p=.11); there was hardly any intrusio ig 
between re-presenting transpositions and ™ d 


cues nco 
when all three letters were originally ! 
(p> 50). 
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decl onis theory of memory, However, 
rel ene of these kinds of errors to facilitate 
contribute geo „GE they did nol strongly 
memory n Pcie ik: strength. The S's 
uals rete Of cluttered with phonemic resid- 
i$ quits partially forgotten letters; hence, it 
will not een that many of these traces 
Strength e of any value as sources of recall 
ontrariwie build on during re-presentation. 
multiletter 7 remembering some letters of a 
earning Ph clearly does benefit the re- 
might a missed letters. These observations 
Model ace some sort of modified. “slot 
Presented C FISET, 1967), where the originally 
TI ‘CC initially occupies three slots. 
3 to consolidate the three letters; 
a given letter vacates a slot, an- 
dh adi ntruding into that slot or a letter 

adjacent slot is retrieved erroneously. 
duently, correctly retained letters could 
Some sort of address (in the computer 
that allows the re-presented item to 
„With its former presentation. This 
tation tcilitate the recall following re-presen- 
! at least two ways: (a) The "con- 
"bo die car may cause two letters to con- 
Mory | a single chunk, thereby reducing the 
May pe oad (eg, through repetition C, A, T 
the Sin a as three chunks and converge into 
(b Pda chunk CAT; cf, Hellyer, 1962) ; or 
allow membering two letters of a trigram may 
at a More selective attention to be directed 
the ` Previously forgotten or new letter (cf. 


Contry, 
Shy! D E mentioned in Atkinson & 


| S tri 
NOwever, if 
Other letter j 
Tom 
Subs 


CoNcLUSIONS 


S not seem to be any single simple 
E € decremental vs. all-or-none for- 
ees a Whatever answer is igo 
[V Nice rye inextricably in the frame Oo 
isi ers ben to view the problem. If one 
“m, eviden ©, CCC at the level of the entire 
e ltistat ence can be found for decremental and 
; Bent forgetting (eg., the states might be 
ette 9n the number of originally — 
Yq, 9f tia” , If one views the CCC at p. 
ch eins, Single letter, forgetting seems o 
mit to isccomDletely or not at all. m se 
"xa, Conf Over a residual letter trace, P 


"sions im single-letter recall were 
to be 


an here doe 
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The present experiments focused on recall. 
Another facet of STM is recognition, and fail- 
ure in recall (even if it is all-or-none) does 
not necessarily imply failure in recognition 
(McFadden & Greeno, 1968). For example, 
the phonemic and transpositional factors ac- 
counting for initial recall errors might have 
facilitated correct recognition. 

The formulation that seemed to be most par- 
simonious in explaining the present data has 
the single letter as its frame of reference. This 
explanation consists of two propositions: (a) 
Remembering one or more letters of a multi- 
letter item benefits the recall, following relearn- 
ing, of a previously forgotten letter; however, 
(b) subsequent recall is no better than it would 
have been if a new letter had been substituted 
for the previously forgotten letter prior to re- 
learning. One goal of future research might 
be to elaborate such a formulation so that the 
forgetting of more meaningful material, such as 
sentences and paragraphs, can be understood. 
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CUEING FUNCTION OF FRAGMENTS OF VERBAL ITEMS 


IN-MAO LIU: 


National Taiwan University 


dares cxoncimnenia investigated the cueing function of word and nonword 
inne 5) OF various sizes and positions. An orderly change in the cueing 
oe: n Wae always obtained when the fragment's size in a given position 
ue ntinuously varied. When E list of items was presented in a constant 

der, the results suggest a possible connection between serial learning and 
baired-associate learning. Manipulation of the fragment's position produced 
A Pattern of cue effectiveness resembling a serial position curve. The pat- 

rn was more pronounced in cases of real words and long words than in 


Cases of nonwords and short words. 


The threshold-frequency relationship 


and the spew hypothesis were deduced as corollaries of the present findings. 


Si 
( 0), = work of Mueller and Pilzecker 

nts on php of presenting word frag- 
fen widel Tials in verbal learning has 
Word or : z used. By means of presenting 
- Polona ne fragments of various sizes 
“Mpted to "d E present experiments at- 
` Téinstatem y their function as cues for 
Words. ent of the whole words or 


EXPERIMENT I 


In gj 
po s vitem experiment a list of non- 
gom the i Tesented in a constant order. 
og. e ovine of experimental analy- 
be erg some dn ation of fragment size, then, 
Ue as to a possible connection 


le. Sen seri 1 t 
varning Foe learning and paired-associate 
pnie cedures. For the sake of con- 


c 
he list, E ie there are only four words 
tiop ~D, am Consisting of four syllables, 
We "a ere i denotes the ordinal posi- 
theMStant ord in the list, i= 1, 2, 3,4. In 
id T rA a aman procedure, 
ig , trial «C,D, is presented on acquisi- 
“ep tesented d A.B, - (or Ar - -, or ABC) 
Sy ulus aala test trials. In response to 
Ste ables or rds,” S has to recall the missing 
S further response words.” Going one 
~> on Ses presenting the “fragment” 
E trials, it is found that it is 4 


to ys he a, 

tin med Wishes to express his appreciation 
of EXD. T Ai-li Ko for collecting part of the 
Reg, the data oe to Sin-tsi Lin for collecting 
s xp. II. 

iye Dart," Teprints should be sent to In-mao 
1 uus of Psychology, National Taiwan 

ipei, Taiwan, Republic of China. 


serial learning procedure, for S has to recall 
each item in its proper position. Of course, 
fragments of various sizes can be presented 
to the same S. One such test list is as fol- 
lows: AjiBiCi5 As---, A4gBa--. 
When S is instructed properly in advance, 
in responding to the second stimulus frag- 
ment, he has to try to reproduce the second 
whole word in the acquisition list. By test- 
ing each S with a different test list, such as 
Ay---, ABr- =, 2775 A4B4Css, it is possible 
to obtain not only data comparable to those 
of paired-associate studies, but also data 
comparable to those of serial learning ex- 
periments. At a glance, because the list is 
presented in a constant order, the former data 
might not represent a typical case, since S 
can master the task just by learning the re- 
sponse words in a serial order. However, 
if this happened, there would be an abrupt 
discontinuity in the data obtained for the 
paired-associate cases with fragments of 
varying sizes as stimulus words. In other 
words, if 5 concentrates on memorizing the 
sequence of C;D, he will fail absolutely to 
recall B;C;D; in response to A;--. Then 
there will be a discontinuity in recall data, 
corresponding to the paired-associate case of 
A;--- as stimulus words and the paired- 
associate case of A;B;- - as stimulus words. 

When it is assumed that the more parts of 
the whole a stimulus fragment contains, the 
greater is the similarity, a question naturally 
arises as to whether the cueing function of a 
stimulus fragment depends on its position, 
Specifically, the problem is whether recall 


----, 
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i vi timulus fragments - - - -, 
ec. ARR weis in the same 
way as that obtained with the stimulus frag- 
ments containing the final parts, viz, ---- 
---D,--CiD,- -B;CiD. This problem is 
also related to the principle of associative 
symmetry (Asch & Ebenholtz, 1962). 


Method 


Subjects.—The Ss were 20 male and 20 íemale 
undergraduate students of various department 
majors. They voluntarily participated in the ex- 
periment. They had at least 6 yr. of high school 
English. 

Procedure—The list used in the present study 
contained eight nonwords as follows: WuHuZuDu, 
YaSaNaGa, FoKoBoPo, RiTiMiCi, SuYuGuBu, 
DaMaCaFa, ZiWiPiKi, NoToRoHo. All conso- 
nants of a nonword were distinct. Each consonant 
appeared twice in the list. The first syllables of all 
nonwords differed from one another, and so did 
the last syllables. 

First, S was given a practice task. Three 
nonwords( MaNa, BeTe, ViWi) appeared one at 
a time on a Gerbrands memory drum. Each item 
lasted 1.5 sec., and a 1.5-sec. blank space separated 
one item from the next. After S studied this short 
list, a fragment of each item was presented accord- 
ing to the order of the list. The S was asked to 
supply the missing syllables as Soon as possible. 
First, S was tested with the fragment Ma-., 
then with ----, and then with --Wi. When the 
second fragment ---- was presented, he was told to 
write down the entire second item of the list. He 
was reminded, therefore, to study not only items, 
but also their order, 

After S completed the practice task, he watched 
the experimental list appear on the memory drum. 
The eight nonwords appeared one at a time. Each 
nonword lasted 1.5 sec., and a 1.5-sec. blank space 
separated one item from the next. 

After every four presentations of the list, a test 
trial was run. For each item, taking WuHuZuDu 
as an instance, one of the following eight possible 
ways of testing was used: WuHuZu--, WuHu----, 

u------, y c , —HuZuDu, ----ZuDu, 

On a test trial, since the list contained 
eight items, each possible type of test appeared 
only once. Though -------- appeared twice in a 
test list, it was used once to test forward associa- 
tion and again for backward association. This 
arrangement was used merely as a statistical con- 


venience. An example of a test list is as follows: 
WuHu----, YaSaNa--, - =, =-=- Po, Riss 


dz | O, 1 
--YuGuBu, ----CaFa, -- If S did not start to 
write down the missing syllables for each stimulus 
fragment within 4 sec. after its presentation, the 
next stimulus fragment was presented. 

As was shown in the example of WuHuZuDu, 
since there were eight possible types of test for 
cach item, eight test lists were generated. 


Every 


IN-MAO LIU 


$ e 
possible type of test for each item appeared onc 
in one of the eight test lists. E 

For each S, the acquisition list was presented 20 
times. Hence, five test trials were n 
for each S. On each test trial, a different tes vd 
was used. Five distinct test lists for each S ou 


i i m 
the eight test lists were systematically varied fro 
S to S. 


The acquisition list was arranged in two cpie 
For each acquisition list of one order, there 4 e 
eight test lists of that order. One order = ilie 
acquisition list was used for half of the Ss, 21 Ss. 
other order was used for the other half of the 


Results and Discussion 


Table 1 shows the proportion of Ss giving 
correct recall to each type of stimulus ime 
ment. Obviously, both increases in fragm“ 
size and training facilitated recall. Be 
was slightly better when the stimulus, gos 
ment was in the initial position than in 
final position. An analysis of variance ent 
$sX 2 Fragment Positions x 4 Mer 
Sizes X 5 Degrees of Training) showed 39) 
fragment position was significant, F Gg, j 
= 5.60, p < .05. Both fragment size, a 
terms of number of syllables and s » 
training were significant, F (3, d t 
86.35, p < .001; and F (4, 156) = 58. i af 
< .001, respectively. All the interaction "^, 
fects were not significant: F (3, nen 
2.27, for Fragment Position X Frag on 
Size; F (4, 156) < 1, for Fragment Posty 
X Amount of Training; F (12, 468) — ingi 
for Fragment Size x Amount of Train si^ 
and F (12, 468) — 141, for Fragment. is. 
tion X Fragment Size x Amount of 
ing. ent 

Although, in general, the initial frag", 
Served as a better cue than the final ial 
ment, only the difference between the e n 
and final fragments containing two SY rre 
was significant, t (39) = 2.89, p < Ol. tnd? 
same difference but of smaller mag” 
was observed between the initial am t 
fragments containing one syllable, but Í 
not significant, t (39) = 1.84. "EC IU 

The differences in the cue function 9 s 
initial fragments containing any tWO sficant 
ent numbers of syllables were all sign!" ge 
t (117) = 333, p < .01, for zero Por 9 
syllables; t (117) = 3.61, p < .001, < 001; 
and two syllables; ¢ (117) = 4.17, S mi 
for two and three syllables. For t 


i 
was 
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à TABLE 1 
— ROPORTION or Ss GrvixG Correct RECALL To INITIAL (I) AND FINAL (F) FRAGMENTS 
Test tri ud 
Sibi est trial 
n frag- 
ment 1 2 | 3 4 5 Total 
I F 1 | F | I F I F 1 | F Pop E 
0 p* E: 
; dp 03 | 05 | 20 | .23 13 | 28 | .35 | 88 | «43 m 
2 ue 10 .30 | 05 .33 20 AS A5 .58 .58 28 
3 i .03 .35 20 A3 AS .63 53 E .00 Ed 
Total | 77 35 $5 | 0 | 63 | 68 | B | 3S S85 | .73 2 
SCHEME. ‘ A3 M | 20 A0 E Så 1 .69 59. 


frag; 
= oy the corresponding Üs weret (117) 
< 05. Bio significant) ; ¢ (117) = 2.50, ^ 
An per i (117) = 6.94, p < .001. 
column of i gradient of recall along each 
2er0-ssHlable D 1 suggests that recall to the 
obtained i regimens which is what might 
May be co m a serial learning experiment, 
Tagment c nsilered a special case of the 
ables ontaining one, two, or three syl- 
the list w. It further suggests that though 
di not vas presented in a constant order, Ss 
concentrate on some particular re- 


SPons eei 
* syllables to be later tested. 


bis ExrznriwENT II 
rd H i 
a P. I, it was found that there exists 


Sort 

o É 
Powe; i asymmetry between the cueing 
Ve initial and final fragments. How- 


j » thes 
an se results could be weakened by 


[: 
the ligt Qunded with the effect of presenting 
Ors (C. aà constant order. Some investi- 
& altz ia Necio & Crowder, 1966; Martin 
Newman 963; Newman & Forsyth, 1965; 
nction s Saltz, 1962) found that the 
NoClate E the serial position cues in paired- 
| OWever. earning is small and negligible. 
» Other experiments (e.g. Brown, 
Ve pointed to the use of serial posi- 


ha: 
l Uues i > 
“rning In constant-order paired-associate 


Owe 
1968) 
tig 
fe ith r 
oft Obtain, Spect to the fragment position ef- 
fts EU In Exp. I, some particular order 
qr Sment an Jtem might favor recall to one 
E. Poir Position more than to another. 
wd ilit. is connected with the concept of 

T bes: & Ebenholtz, 1962 ; Horo- 

vn, & Weissbluth, 1964). 


There are other fragment positions other 
than the initial and final ones. In consider- 
ing the nonword WuHuZuDu, e.g., a frag- 
ment containing one syllable may be --Hu---- 
a fragment containing two syl- 

be --HuZu-,  Wu--Zu--, 
Wu----Du, or --Hu--Du; and a fragment 
containing three syllables may be Wu--ZuDu 
or WuHu-Du. These fragments are re- 
ferred to as in the random position. If the 
cue function of a fragment depends on its 
position, the random position also has to be 
taken into consideration. 

In view of the three problems raised 
above, Exp. II was designed. First, the 
order of items in a list was varied from one 
trial to the next. Hence, the fragment con- 
taining zero syllables was not considered. 
Second, four lists were constructed so that 
each syllable of an item would be in the first, 
second, third, or last position in one of the 
four lists. Third, the random-position frag- 
ment was also presented on test trials. 


or ----Zu--; 
lables may 


Method 

Subjects and materiais—The Ss were 24 fresh- 
men (8 male, 16 female) from an introductory 
psychology class. 

There were four lists of nonwords. Six Ss were 
assigned to each list according to the order of their 
appearance. The first list contained the following 
items, which were similar to those of Exp. I: 
WuHuZuDu, YaSaNaGa, FoKoBoPo, RiZiTiCi, 
SuYuGuBu, DaMaCaFa, MiWiPiKi, NoToRoHo, 
VeLeQeJe. Ifa consonant appeared in one posi- 
tion of an item, it did not appear in the same 
position for any other item. The second list was 
obtained from the first by reversing the order of 
consonants of each item, e.g., WulluZuDu of the 
first list became DuZuHuWu in the second list. 

obtained from the first by 


The third list was 
exchanging the first two syllables with the last 
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i eg, WuHuZuDu of 
Bd pe iar PM in the third list. 
The fourth list was obtained from the first E 
exchanging the first with the second and vidue 
with the fourth syllables of each item. Thus in the 
four lists, each syllable of an item appeared in 
ition once. 
at a m a practice task, one of the 
lists was presented to each S 12 times in the same 
way as in Exp. I. The order of items in the list 
varied from one presentation to the next. i After 
every four presentations of the list, a test trial was 
run. On each test trial, 27 fragments (9 írag- 
ments each of a nonword X 3 positions) of non- 
words consisting oí one, two, or three syllables 
were presented to S one at a time, Each nonword 
was tested by three kinds of fragments (each con- 
taining the same number of syllables) based on 
their position: initial, random, or final. For ex- 
ample, the stimulus fragment of two syllables for 
testing the recall of WuHuZuDu was the initial 
fragment WuHu--—, one of the random frag- 
ments --HuZu--, Wu--Zu--, Wu----Du, and 
--Hu--Du, or the final fragment ----ZuDu. 
This testing procedure was similar to that of 
Horowitz, White, and Atwood (1968). A pre- 
liminary observation indicated that S, tested first on 
the initial fragment of a nonword, e.g, did not 
necessarily give a better recall to the final or ran- 
dom íragment of the same nonword presented on 
the second or third test. In other words, the 
pattern for the initial test was not inconsistent with 
that for the repeated measures. Moreover, the 
order of presenting three types of fragments of 
the same nonword was varied systematically from 
one test trial to the next within S and from S to S. 
Nine fragments used for testing recall of three 
nonwords contained one syllable, nine used for 
testing recall of another three nonwords con- 
tained two syllables, and nine used for testing 
recall of still another three nonwords contained 
three syllables. In this way, nine fragments were 
used to test recall for the initial position, nine to 
test recall for the random position, and nine to 
test recall for the final position. Which three 
fragments for testing recall of a nonword con- 
tained one, two, or three syllables was system- 
atically varied from one test trial to the next 
within S and from one S to another. 


Results and Discussion 


Table 2 shows the mean number of items 
that S recalled correctly on the three test 
trials, taken together for each type of stim- 
ulus fragment containing one, two, or three 


syllables. — An analysis of variance indi- 
cated that the number of syllables contained 


in the stimulus fragment was a significant 
source of variation, F (2, 46) = 11414, p < 
001. Recall was best when the initial 
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TABLE 2 


W E ED 
MEAN NUMBER or [TEMS CORRECTLY RECALL 
FOR NONWORDS 


Fragment given as cue 


prm Initial Random Final 
ment 
M SD M SD M sD 
7 | .87 
96 | 143 |. .83 | 1.13 | .67 | - 
2 2.67 | 1.73 | 2.29 | 1.90 | 2.08 10 
3 4.08 | 1.98 | 3.67 | 1.49 | 3.42 | 1 


Note.—Maximum score = 9. 


fragment served as the cue and poorest ps 
the final fragment served as the cue. 15 
fragment's position in the nonword ha $0 
significant effect on recall, F (2, 46) = 4 js 
b < .05. The interaction of the fragme 
position with the number of syllables CO 
tained in the stimulus fragment was not 9/8 
nificant, F < 1. ze 
When pairwise comparisons of the me) 
ments’ positions were made, the initial oil 
tion was significantly different from the dif- 
position, £ (46) = 3.02, p < .05. The C7. 
ferences in recall for the initial vs- oe) 
random fragment and for the random gg 
the final fragment were, however, not 122 
nificant, ¢ (46) = 1.80; and t (46) = nent 
respectively. Since the initial frag! nd 
The 
e5 
initial fragment containing three giha 
ment containing three syllables, initia 
2.20, p < .05. The difference for the i es 
and final fragments containing two sylla 7. 
was large but not significant, t (46) = tio? 
A smaller difference in the same p. 
was obtained for the initial and final 
ments containing one syllable. to 
Table 2 further shows that the emeu 
the number of syllables contained in the i the 
ulus fragment was greater than that S the 
fragment’s position. More specifically; osi 
three-syllable final fragment (poorest k - 
tion) still aided recall more than the 


n): 
syllable initial fragment (best posit), 
t (23) 2196, 5 «4 05 (one-tailed cores 
The two-syllable final fragment (P 


tha? 
position) aided recall significantly more 
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the one-syllable initial fragment (best posi- 
tion), t (23) = 4.15, p < .001. Obviously, 
one-, two- and three-syllable fragments, ir- 
Tespective of their position, still produced a 
Clear gradient of effect. 

. ve general, Exp. II supported the findings 
re a I, When the serial position cues 
- n available, S had to depend on the 
TE = alone for the cueing function. 
ing * ore, the number of syllables constitut- 
dese ne size of the fragment had a more 
Sent effect than the factor of the frag- 

S position, 


ExpeRIMEnNT III 


ee - II, although the random fragment 
blinded ^ two or three syllables was con- 
hat co with the initial and final positions, 
tainly Ntaining just one syllable was cer- 
ndin; a middle fragment. In view of the 
middle Fa Horowitz et al. (1968) that the 
as the Tagment was the poorest in serving 
account P) there are two possibilities to 
irst or this discrepancy in the findings. 
Word y. the discrepancy may be due to 
Consist S. nonword differences. When a list 
d stud, of nonwords, as in Exp. IL, $ has 
On mf each part of an item equally anew. 
tops a hand, with words, as in the 
tial cu z et al. (1968) experiment, differen- 
€ properties associated with each part 
through pes might have been established 
Pointed perceptual learning. As they have 
cient e this interpretation is not suti- 
Barten oo t does not explain why kinder- 
sh children, before they learn to read, 
larity Ne adult pattern in judging the simi- 
evin, Log sense syllables (Marchbanks & 
pa cpad, the discrepancy in the findings 
length ^ „accounted for in terms of word 
Hor, differences, In the experiment of 
hine te et al. (1968), words of six and 
of eigh ‘Ts were used. Although nonwords 
vowel : letters were used in Exp. II, since 
Were ^ Within each item were the same an 
there US d to aid pronunciation, actually 
Mites Se only four units oF anim 
Tety 956). This inference based a E 
len hin ce in lengths of items is reasonable 1 
“aeth E of a list of words, each of a certam 


' 1S regarded as a kind of serial learn- 
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ing taking place simultaneously for each 
word. Then, differences in the cueing 
power of initial, middle, and final fragments 
of each word correspond merely to a serial 
position curve. If the length of words in the 
list is increased, the middle portion of these 
miniature serial position curves would be ex- 
pected logically to be elevated. 

In this experiment, then, the length of the 
items in the list was manipulated; in addi- 
tion, real words instead of nonwords were 


used. 


Method 


Subjects.—The Ss were 24 female seniors in the 
English department. They studied at least six 
vears of English in high school and more than 
three years of English at the university. The fre- 
quency count of English words undoubtedly ap- 
plies to these students. They voluntarily partici- 
pated in the experiment. 

Materials.—Four lists of words were used; two 
lists contained nine-letter words, and two contained 
four-letter words. The two lists of nine-letter 
words each contained eight words: EXCELLENT, 
AFTERWARD, DANGEROUS, STRUCTURE, BEAUTIFUL, FOL- 
LOWING, INSTANTLY, puysician for one list, and 
DISCOVERY, UNIVERSAL, CHARACTER, VEGETABLE, PRESI- 
DENT, ESTABLISH, ACCORDING, mELIGIQUS for the 
other. The two lists of four-letter words each 
contained nine words: ARMY, FLOW, STEP, INCH, 
HAVE, CORN, DESK, WIND, Quir for one list; and 
COLD, HEAT, FIVE, DARK, THUS, UPON, OBEY, SUCH, 


rnto for the other. 


The words were all high-frequency words in the 


Thorndike-Lorge (1944) word count; their fre- 
quencies were 35 or more. As to the lists of nine- 
letter words, the first, fifth (middle), and last let- 
ters of the words in a list differed from one an- 
other. For the rest of the positions, there were, 
at most, two identical letters for two words in the 
same list. With respect to the four-letter words 
in the same list, there was no identical letter ap- 
pearing in the same position. . 

Procedure.—After S completed a practice task 
(a list of CAT, TOY, PEN), she watched one experi- 
mental list appear on the memory drum in the 
same way as in Exp. I After S studied the entire 
list, she was shown a fragment of one word she 
had seen and was asked to supply the entire word. 
The S was allowed only 4 sec. for responding. 
When S responded (or when 4 sec. had elapsed), 
the next fragment was presented. . 

Each S studied one of the two lists of nine-letter 
words and one of ten o uem af four-letter words. 

ist assignment and order of assignment were 
poses ee varied from S to S. Eight Ss 
were tested with one-letter fragments, another 
eight Ss were tested with two-letter fragments, and 


1i2 
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TABLE 3 ' 


MEAN NuMBER OF ITEMS CORRECTLY RECALLED FoR NINE-LETTER \\ ORDS 


Fragment given as cue 


Letters in 


Middle i i 
Pina 
* Initial ; 
MnRpaent Clustered Random Combined =: 
" ue SD 
M SD M | SD SD M SD M E 
24 
T 52 3.88 1.2 
4.88 1.36 2,3 84 2.63 NE 92 3 03 
i 7.50 53 4.13 | 1.55 3.88 1.13 1.04 5.00 16 
3 7.50 53 6.25 | 1.75 100 | .93 | 1.09 6.75 p 
Maximum score = 8, 
A ; fa Each. S . 
still another eight Ss were tested with three-letter tuning a particular number of letters. Ea 
fragments, 


The fragment in the case of a list of nine-letter 
words was always the initial part of the word, the 
clustered-middle Part, the random-middle Part, or 
the final part. For example, the one-letter stimu- 


lus fragment for testing the recall of DISCOVERY was 
« "a ae « 
Dieci = 


Oman ig »' or ---Y." In 
the category of the one-letter, random-middle part 
were also “ Mee ee R-,” etc. The frag- 
ment “---. : 


Was excluded since both DISCOVERY 
and PRESIDENT of the same list have the same letter 


in the seventh position, Likewise, the two letter 


stimulus fragment was “DI-- 7 CQanne?” (also 
in the same class Was “----oy ^), "---c---g-" (also 
in the same Class were ‘ " etc), or 
eom ay." 


Vans, 
The three-letter fragment was con- 


Instances of the 
fragment 


structed in a 
three-letter, 
i 


“--S--V-R-,” etc., as long as the 1 


The fragment in the case of a 


words was always the initial part 
middle For testing the 


imulus fragment 
op fact 


"S-EP" and “ST-P,” or “TEP” Of 
A le-part fragment in the 


k was actually the ex- 
tremity-part fragment, 


Each word was tested b 
ments in the case or a list 
by all three types of frag: 
of four-letter word: 
32 fragments and 27 fra 


ame list. 


t There Were eight 
g the stimul 


us fragments con- 


was tested with one order., 


Results and Discussion 


The mean number of items that S Ja 
correctly to each position of stimulus fra is 
ment containing a given number of letters 
shown in Tables 3 and 4. ue- 

With respect to nine-letter words, the ze 
ing power of the clustered-middle fraki i 
and that of the random-middle fraen 
were not very different when iie aet 
contained only one or two letters, Howe 
When the fragment’s size was increase en 
three letters, the Clustered-middle fragme" 
Served better as the cue than the ae 
middle fragment, An analysis of varia es 
applied to the data obtained for these pos 
of fragments showed that the Fragment ifi- 
X Fragment Position interaction was p 
cant, F (2, 21) = 641 5 < 01. The on 
recall for the three-letter, clustered-mi 


TABLE 4 NH 
MEAN NUMBER or Items Correcriy RECA 
For Four-Lerrer Wonps 


—7 
Fragment given as cue sa 
k TO used 
ol ee aS Anal 
in frag- Initial | Random | em 
ments | E D 
eee E mii 
| «4 | sp | ar | sp M n 
i e à | 20 
1 | 6.38 | 213| 113 | 203 2M | 38 
2 8.50 -93 | 7.00 | 1.09 ous 1 
3 |8&88 | 113| 900 | 00 | 8.8 » 
| - 
CEN E EE E 
Bü : 
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fragment compared with the three-letter, 
random-middle fragment was significant, 
t (21) = 4.02, b < .001. The overall differ- 
ence between the cueing power of these two 
types of fragments was, however, not sig- 
nificant, F (1,21) = 4.24. 
le = the cluster-middle and random-mid- 
Tagments combined, as shown in Table 
of ne analysis of variance applied to all data 
ae words indicated that the frag- 
vari r position was a significant source of 
sation, F (2, 42) = 75.30, p < 001. The 
21 pt $ size hada significant effect, F (2. 
these t 6.48, p < .001. The interaction of 
Wo effects was also significant. F (4, 

i pr 2.98, b ss .05. As is clear from Table 
Ceiling Interaction was mainly due to the 
initial ANE of the cueing function for the 
Was Tagment when the fragment’s size 

> More than two letters, 

able 3 further shows that the difference 
.€ Cueing function of the initial vs. the 
: Ined-middle fragment was larger than 
Ment the final vs, the combined-middle frag- 
“ven the latter difference of smaller 
le was significant, t (42) = 6.06, p 
size » Comparing the effect of fragment's 
th feuis fragment's position, it is found 
Ment NS three-letter, combined-middle frag- 

Tàgm Was inferior to the two-letter initial 
5.5 ent in serving as the cue, f (14) - 
F (I4). 001. Though not significant, 

er = 1,48, the mean recall to the one- 
the rd fragment was larger than that 
hy que letter, combined-middle fragment. 
Cal Hie fragment's position was more criti- 
up fragment’s size in this case. 

! respect to four-letter words, re- 
8 to Table 4, the slight advantage m 
thr, 9r the middle fragment containing 
fere, Hrs, or at least the lack of a dif- 
Ways © apparently occurred because it al- 
let TS Contained the initial and the final 
Ta * An analysis of variance showed that 
ing ent Position, fragment size, and their 
17 s; ton were all significant, F (2, 44) = 
Oy P« 001; F (2, 22) 22587, P< 
SDecti and F (4, 44) = 1328, p < 001, re- 

d " . e 
veye “The difference in recall for th 
i ( YS. the final fragment was significant, 


7216, p < 05. Although the cue- 


Pügnituc 
MIS 


to 


ing function was, in general, better for the 
final fragment than for the middle fragment, 
the difference was not significant when the 
confounded data obtained for the three-letter 
fragment were excluded from consideration, 
F (1, 14) 2 297. 

When the effect of fragment size is ex- 
amined in Table 4 across fragment position, 
orderly gradients of recall based only on the 
fragment's size irrespective of the fragment's 
position can still be established. 

The factor of the word vs. nonword dii- 
ference as well as that of word length was 
found to have effects on the cueing function 
of the fragment's position. For nine-letter 
words of great length, the cueing function of 
parts was more heterogeneous: the middle 
part was poorer in serving as the cue not 
only in comparison with the initial, but also 
with the final part. When those middle or 
random fragments confounded with the ini- 
tial and final positions were excluded from 
consideration, this bow-shaped cueing func- 
tion was found even with four-letter words, 


but not with four-chunk nonwords of 
Exp. II. 


GENERAL DISCUSSION 


The finding that a smaller fragment is capable 
of evoking the entire word association as the 
number of trials increases has the following 
implication: The visual recognition thresholds 
of words are inversely correlated with the rela- 
tive frequencies with which words are used 
(Howes & Solomon, 1951; Solomon & Postman, 
1952). This implication holds since a smaller 
fragment of a word can be recognized in a 
shorter time interval. As an example, suppose 
that WuHuZuDu is a high-frequency word and 
YaSaNaGa a low-frequency word, so that 
Wu------ alone can make S recall the whole, 
while YaSaNa-- is necessary for S to think of 
the whole. Now, with a 50-msec. tachistoscopic 
exposure of WuHuZuDu, assume that S can 
identify only one syllable, Wu. Then, S can see 
the word at this exposure time. On the other 
hand, unless the exposure time exceeds, e.g., 70 
msec., at which S can see YaSaNa--, he cannot 
recognize the word. 

The present finding also implies the spew 
hypothesis (Underwood & Schulz, 1960), which 
states that the order of emission of verbal units 
is directly related to their frequency. Under 
fairly vague stimulation conditions (e.g., free 
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association or situations where guessing is 
encouraged), a smaller fragment of word can 
be contained in a wider range of stimulus pat- 
terns. The temporal order of emission of 
verbal units now follows from the facts that 
a smaller fragment of a word evokes the asso- 
ciation earlier than a larger fragment of a word 
and that a smaller fragment of a word increas- 
ingly aids recall as a function of frequency. 
As an illustration, Suppose that a person has 
only a vocabulary of common, commit, and 
comedy and that common is a high-frequency 
word, while the rest are low-frequency words. 
Suppose further that Co---- enables him to think 
of common, while without coMMI-, he cannot 
think of commit, Then, whenever a vague 
stimulation or stimulus pattern contains co---- 
and he tries hard to think of words, the word 
common will be emitted, Now, stimulus pat- 
terns containing COMMI- necessarily contain 
co----. The converse is not true. In other 
words, the set of stimulus patterns each con- 
taining the smaller fragment is not smaller 


ier than the fve 
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PROBABILITY LEARNING IN THE CORRECTION T MAZE UNDER 
NONCONTINGENT REINFORCEMENT SCHEDULES? 


JANET 


ROBBINS? 


Brooklyn College of the City University of New York 


Two experiments were conducted to investigate probability learning in the 


Correction T maze using a 24-hr. intertrial interval. 


In Exp. I, Ss retraced 


the entire length of the “incorrect” arm to gain access to the “correct” or 
reinforced side. In Exp. II, Ss were restricted to the “choice point” area 


until a “correct” response was made. 
of the time, at asymptote, to one or 


Most Ss in Exp. I tended to go 100% 
the other side of the maze, while ap- 


proximately 60% did so in Exp. II. Theoretical analyses revealed that the 
Bush and Wilson “secondary reinforcement” model adequately described 
the behavior in Exp. I, although shortcomings were noted in Exp. IT. 


I z 
un er eaters studying probability learning 
Tats m ms oe reinforcement schedules 
Ployeq a the correction T maze have em- 
allowed Variety of procedures. When S is 
Tetrace gos or completely to enter and 
Ported 4. "Correct arm, some Es have re- 
tote (C Probability matching" at asymp- 
l9sg,^ "Arterette, 1957; Parducci & Polt, 
Shootin, while others have reported “over- 
1957, 8 of the matching value (Wright, 
à choice atching has also been found with 
ik, 1935. nt Correction procedure (Bruns- 
n and j Estes, 1957a). Finally, Bitter- 
tma us colleagues (Bitterman, 1965 
adv Wodinsky, & Candland, 1958), 
rall aea of procedures with rats, have 
dine ound “absorption” or 100% re- 
8. In an attempt to clarify these 


; 
Usin, 
Bene, 
Spon 


1 Thy 
S the c port is based on a dissertation submitted 
NUS oi ifa Faculty in Psychology, Brooklyn 
de Dl futg the City University of New York, in 
eres, "ment of the requirements for the PhD 
ant MH is research was supported, in part, by 
s 713955 from the National Institute of 

re Kea » à grant from the Sigma Xi Re- 
ew Ye and a grant from the City University 
© of ork. The author held a National 
Ed the Menta] Health predoctoral fellowship 
Or jg q COurse of this investigation. The 
Bina tock, *eply indebted to her sponsor, Solomon 
R l; Speci ragement. 
Ho kl Pecial thanks are due to the staff at the 
Drop itd s ollege Computer Center, especially E 
lai ams Tee and Martin Cohen, who wrote es 
R Re *ssary for the analysis of the pres 
-q 
sip bing, o for reprints should be sent to Janet 
’ New 2 Donald Robbins, Rockefeller Univer- 
ork, New York 10021. 


discrepancies, groups of rats were given 
probability learning under the conventional 
procedure of allowing S to enter the entire 
length of the incorrect arm in Exp. I, and 
under a choice point correction procedure in 
Exp. II. 

Another goal of the present research was 
to evaluate a class of linear learning models 
(Bush & Mosteller, 1955; Estes, 1950, 
1957b). In all of the models it is assumed 
that directly reinforced trials result in an 
increment to the probability of responding 
to the side chosen. However, correction 
trials may be assumed to have the following 
effects on the probability of responding to the 
reinforced side in contrast to the effect of a 
directly reinforced trial: (a) result in an 
equal increment (equal ð model of Bush & 
Mosteller, 1955, and of Estes, 1957b), or 
(b) result in a smaller increment (unequal or 
28 model of Bush & Mosteller, 1955), or (c) 
have no effect, ie., an "identity operator" 
(Bush & Mosteller, 1955). Finally, a cor- 
rection trial may result in an increment to the 
side chosen, although less than that due to a 
directly reinforced trial ("secondary rein- 
forcement” model of Bush & Wilson, 1956). 

The equal 6 model generates an asymptotic 
prediction of probability matching, while the 
unequal 0 model predicts overshooting, Both 
the Bush-Wilson and the identity operator 
model predict absorption either to the high 
or to the low proportion side at asymptote, 
the distribution being a function of the rate 
of learning and the reward proportion. 
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EXPERIMENT I 


The conventional correction procedure of 
allowing S to retrace the entire length of the 
incorrect arm in order to gain access to the 
"correct" or reinforced side was used. Two 
groups of rats were given one trial per day 
under a 60:40 or 70:30 noncontingent rein- 
forcement schedule. 


Method 


Subjects.—Sixty female albino rats, 100-120 days 
old at the start of the experiment, were obtained 
from Albino Farms, Little Silver, New Jersey. 

Apparatus—An enclosed T maze painted flat 
gray and 5 in. high and 5 in. wide throughout was 
used. The start box, stem, and cross piece Cin- 
cluding the choice area) were 9, 24, and 4l in. 
long, respectively. An aluminum guillotine door 
separated the start box and the stem, while alumi- 
num sliding doors, mounted 18 in. from the “end 
wall” of the goal box, separated each of the arms 
from the stem. The end walls were 8 in. long 
with a 3X 5 in. recessed drinking area in the side 
walls closer to the start box, A drinking tube 
similar to those used in the home Cages, was 
mounted on the wall of the recessed drinking area 
and an aluminum slide could be inserted to prevent 
access to the tube, The drinking area was not 
visible from the choice point. The apparatus was 
Covered with hinge-mounted clear Plexiglas. Il- 
lumination was Provided by one 100-w. bulb cen- 
tered over the choice point and approximately 6 ít. 
above the apparatus. An air conditioner which was 
on continuously provided a uniform masking noise. 

Procedure.—Two weeks before the beginning of 
the experiment, Ss were habituated to a 20-hr. 
water deprivation Schedule and gentled. The Ss 
were then randomly assigned to groups. 

Thirty Ss were given reinforcement on 60 of 
the trials on one side and .40 on the other side of 
the maze (Group 60). Another group of 30 Ss 
were reinforced according to a 70:30 reinforcement 
Schedule on one or the other side of the maze 
(Group 70). Half of the Ss in each group were 
given the larger proportion of reinforcement on 
the right side and the other half on the left side 
of the maze. Reinforcement for each S was 
randomly assigned by blocks of 2 


i available 
9n one or the other side of the maze. Reinforce- 
ment was 10 sec, of water consumption, measured 
on a Standard Electric timer. 


Orrect arm in order 
Four reinforced forced 
n either a RLLR or a 
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LRRL order, followed by training with correction 
under the appropriate reinforcement pu a 
Two seconds aíter S was placed in the start 4 E 
the door was raised. A response was denne ps 
the first penetration of 10 in. into either arm F kit 
maze. When S entered the side where reinfo' ie 
ment was present, the sliding door separan 
arm from the stem was closed. After ce n 
of 10 sec. of drinking, S was returned to its ho 
cage. g 
The Ss were given access to water i w 
home cages for 90 min. approximately 3 inii 
after the last S was run. Deprivation was 
maintained at 20-22 hr. to bé 
Training was continued until Ss appeared. ^ 
responding at asymptote and then were ee S 
additional trials. As a result, Ss were ENS ie 
trials. These trials were then followed by ano pn 
block oi 20 trials (Trials 81-100) on which 3 
inforcement was available on only one side n 
the maze, "reversal" training. Reinforcement bs 
placed on the side to which S responded per ns 
quently during the asymptotic block. There eil 
all Ss were switched to a 0:100 reinforceme 
schedule for the last 20 trials. One S died E: 4 
the course of the study, leaving 30 and 2 
in Groups 60 and 70, respectively. . rein- 
The side where the larger proportion of fine 
forcement was available for each S was E rini 
to be the A, side for original training. mp" 
“reversal,” the “preferred” side during the asy 
totic block was defined as the Airside. — maxi- 
Parameter estimation—Using all trials, de for 
mum likelihood parameter estimates were me ao , 
both Groups 60 and 70 for the equal 6, unequa rh on 
identity operator (ID), and the Bush and 
(BW) models. Using an assumed value of | idua 
the initial response probability and the indiv: 


“gen” 
reinforcement schedules, one stat rat was a WÔ 
erated” corresponding to each real rat. Th M) 


parameters for the Estes N Pattern Model ier 
Were estimated using the asymptotic cond 959): 
response probabilities suggested by Estes (+ hest 
The value of N was taken to be the next e J 
integer and the estimate of c was revised anally) 
ingly. Stat rats were then generated. Finance 
in accordance with the plan decided on in adits 
of the study, the mean Ai proportion over totic 
62-81 was taken as an estimate of the asymP 
response probability. 


Results 


‘ he 
The mean proportion of A,s during “60 
last 20 trials was .72 and .75 for eee 
and 70, respectively. Statistical ana t 
revealed no significant differences ien 
Broups nor any significant difference bet" nen 
each group and its respective reinforcem s 
proportion, £ < 1. In Table 1 is pes ar 
the distribution of the proportion of A anc 
ing the asymptotic block for Groups Ó 
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TABLE 1 
Asymptotic MEAN Proportion oF Aus (P2(A1)) 
AND DISTRIBUTION OF THE PROPORTION OF 
Ais DURING THE Last 20 TRIALS IN 
Exp. I ror REAL anp Stat Rats 


Frequencies of A1 proportions 
Ttem er 
PUN) .8-1.0 .21-.49 | 0-2 
Group 60 | 
Real 42 19 şi 2$ 
Equal | 157 0 20 10 | 0 
20 81 18 1 | 1 |g 
ID. 85 24 2 a |2 
s 70 19 E 1 | 8 
A z 7 E 
Gouna | *P 6 13 7 
pal 15 19 5 1 4 
24ualO -74 3 26 0 | 0 
ip 95 27 2 0 | 0 
By 96 | 27 | 1 1 | 0 
P 48 | 20 | 4 o |5 
iia 70 8 xu | 7 0 
70. 


abso: e data reveal that most Ss were 
an ed at asymptote with 6 and 4 Ss from 
ups 60 and 70, respectively, absorbed or 
Most absorbed on the As side. 
able 2 presents the parameter estimates 
dien various models, and in Table 1 are the 
he | utions of the proportion of Ais during 
Mod. c 20 trials generated under the five 
Smin S being considered. Kolmogorov- 
hina tests were performed comparing the 
a vative frequency distribution of real to 
nifi rats for each model and revealed sig- 
= Cant differences in all cases, Kp 2 11, N 
Mode ^ 30, p < .05, except for the BW 
S romparisons, Ky <4, N= 29 or 30, 


for 


for gt the BW model appeared to account 
lesu absorption found at asymptote. a a 
orth statistics, used by Weins = 
Useq ¢ Brody, and LoGuidice (1965), : . 
ang 2° explore the fine detail of the data 
' n general, revealed fairly close corre- 
ence between real and BW stat rats 
Robbins, 1969, for details). 
the 9, &versal" training, more than 60% o 
the made at least 90% of their. responses 
Sidera absorbed side, thus displaying 2 con 
The ible amount of resistance to change. 
ddigio, Stat rats were also "run" for these 
lotic Onal 19 trials, with the real rat Rm. 
these Probabilities as the initial value for 
trials. — Kolmogorov-Smirnov tests 


(see 


TABLE 2 
PARAMETER ESTIMATES FoR Exp I 


Group 
Item 
60 70 

Equal 6 

[ 057 076 
20 

0 160 200 

bz 005 008 
ID 

0 190 150 
BW 

a 200 150 

0: 090 080 
PM 

[e aT ld 

N 2 2 


were performed on the cumulative frequency 
distribution of responses during these 19 
trials and revealed no significant differences 


for both groups, Kp < 5, N = 29 or 30, p > 
05. 


Discussion 


Theoretical analyses revealed that only the 
BW model adequately accounted for the ab- 
sorption found at asymptote, the detailed struc- 
ture of the data, and the resistance to change 
displayed when the reinforcement schedule was 
changed. In the BW model, it is assumed that 
increments occur to the initial side chosen, al- 
though larger increments occur if reinforce- 
ment is given in that arm of the maze. The 
application of the model can be justified psy- 
chologically in terms of delay of reinforce- 
ment. In particular, Ss appeared to run as 
rapidly as possible to the other side of the T 
maze after an “incorrect” response and seemed 
not to be responding to the choice point stimuli. 
Correction trials, it may be suggested, therefore 
differ from immediate reinforcement trials only 
in that they lengthen the chain of responses 
before reinforcement or add delay of reinforce- 
ment. Furthermore, on a correction trial, ex- 
cept for the very early trials, there was only one 
turning response, and Ss typically viewed the 
choice point stimuli from the stem only at the 
time of initial choice. Under these conditions, 
since $ makes only one turning response in the 
presence of choice point stimulation, the prob- 
ability of that turning response may be assumed 
to be increased when S eventually gets rein- 
forced. The longer response chain and there- 
fore the longer delay of reinforcement may also 
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be used to account for the smaller increment 
resulting from correction trials as opposed to 
directly reinforced trials. 


EXPERIMENT II 


In Exp. II, the depth of penetration al- 
lowed on correction trials was varied. Two 
groups of rats were given correction at the 
choice point, while two others were given 
correction after a partial or a complete entry 
into the incorrect arm. 


Method 


Subjects—One hundred and two female albino 
rats, 100-120 days old at the start of the experi- 
ment, were obtained from Albino Farms, Little 
Silver, New Jersey. 

Apparatus.—Three enclosed T mazes similar to 
that of Exp. I were used. The major difference 
was that the cross piece, including the choice area, 
was 59 in. long for the choice point groups 
(Group C), 79 in. long for the group receiving 
correction 11 in. up the arm (Group I), and 101 
in. long for the group allowed to retrace the entire 
length of the incorrect arm (Group L). The 
aluminum doors of the arms were mounted 26 in. 
from the end wall of each goal box, so that the 
distance from the door in the arms to the choice 
area was 1, 11, and 22 in. for Groups C, I, and L, 
respectively. The doors to the arms were mounted 
in a V-shaped groove which was approximately 8 in. 
at the top. This permitted the door to be placed 
in an upright position at the beginning of the trial. 
The choice Tesponse required of Ss was to push the 
door ł in. or more in a horizontal direction as 
measured at the top of the groove. 


maze, The last 18 in. of the alley served as a goal 


box and was separated from the alley by a guillo- 
tine door. 


ment schedule (Group C67), while a second group 
(n= 36) received an 80:20 reinforcement schedule 
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order each day. The Ss were given 1 trial per 
day. The first four trials were reinforced forced 
trials as in Exp. I. d 

The same procedure used in Exp. I was used, 
except here a response was defined as being the 
first door in the arm of the maze which wes 
pushed approximately 3 in. When S respond 
to the nonreinforced side, both doors were left 
in place until S corrected and responded to the 
other door. After completing 10 sec. of drinking, 
S was returned to its home cage. The depriva- 
tion schedule and the discard criterion of Exp. 
were used here. 

The Ss were run to “asymptote” followed by 
an additional 20 trials. As a result, the choice poin 
Ss were given 111 trials, while the I and 
Group Ss were given 122 trials. nf 

In the last month of the study, an epidemic 0 
unknown origin swept the colony and resulted in 
the loss of 24 Ss. In addition, 3 Ss were discarde 
for failing to run on the early trials, and 2 d 
during the early part of the study, leaving 30, 25, 9 
and 10 Ss in Groups C67, C80, I, and L, respec- 
tively. es 

The side where the larger proportion of s 
forcement was available for each S was defined 2 
the A; side. 

The same method used in Exp. I was used us 
to estimate the parameters of the various models: 
Because of the small s in Groups I and L, 
Predictions were not made for these groups, ins 
only the data from Groups C67 and C80 have y 
emphasized. The mean A; proportion over Ts 
92-111 for Groups C67 and C80 and over TH 
102-122 for Groups I and L was taken as an €5 
mate of the asymptotic response probability. 


Results 


The mean proportion of Ais during e 
last 20 trials was 71, .85, .68, and .79 fo 
Groups C67, C80, I, and L, respectively: 
Statistical analyses failed to reveal any S8 
nificant differences between each group an 
its respective reinforcement proportion, + 
1.63, p > O05. The distributions of the m 
portions of A;s during the asymptotic bloc 
are presented in Table 3 and reveal th? 
more than half of the Ss were absorbed s 
the A; side, but only three, across all grouP* 
on the A; side, he 

In Table 4 the parameter estimates for t 
various models are presented, and in Table S 
are the distributions of the proportion of At 
during the last 20 trials for the stat rats: 

olmogorov-Smirnov tests were perform 
comparing the cumulative Írequency di - 
tributions of real rats to stat rats and cér 
vealed significant differences for Groups 
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TABLE 3 


Asya: 
PT 
n Vine Mean Proportions oF Ais (Pe(A:)) 
DISTRIBUTION OF THE PROPORTION OF 
URING THE Last 20 TRIALS IN 


Ex». II 
is Frequencies of A1 proportions 
| Pala | .8-1.0 | .5-.79 |.21-49 | 0-2 
Group C67 
P 71 13 12 à | 2 
99 a 0 64 6 23 1 0 
ID .85 22 8 0 0 
BW .91 24 6 0 0 
PM .70 13 12 3 2 
Sroup 1 59 8 18 3 1 
ou .68 4 1 3 | 0 
atale | joi 1 4 3 | 0 
ID 92 8 0 0 0 
BW 97 8 0 0 0 
Group L 65 3 2 3 0 
Equal "2E 5 ^ AE. 
2 .66 2 8 0 0 
ID .85 10 0 0 0 
BW .88 9 1 0 0 
.69 5 2 0 3 
P(A) | 9-10 | .5-.89 |.21-49 | 072 
Sup cool —— add oo a 
a 
jas .85 17 7 1 |3 
29810 | ‘gi 6 19 0 | 0 
Ip ‘95 21 4 0 |° 
Bw 91 22 3 9 | 
PM .85 15 9 1 0 
E 9 12 3 1 


and 

for a for the unequal 0 and ID models and 
n, be !P C80 for the equal 0 model, Kp2 
or the 59. The comparison for Group C67 
for G, caval 8 model, Kp = 9, ^ 7 05, and 
05, just? C80 for the PM, Kp — 10, P > 
WS fo Missed significance. The compari- 
PN got Group C67 for the PM, Kn = 5, 
mod _ for both groups for the B\ 
“Weance D X 3, p> .05, failed to yield sig- 


r nhi In ge 
“Al rat *d to repeat responses less 50 
S, while most of the PM differences 
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TABLE 4 
PARAMETER ESTIMATES FOR Exp. II 
Group 
Item 
C67 cso I L 
Equal 6 
3 .060 .065 .086 .033 
01 .075 .051 .080 
i wio | ‘00s | ‘009 | ‘002 
0 .050 .043 .078 
es .066 
Oa .078 .067 .068 .082 
Os .052 .040 .043 .042 
PM 
C 12 .20 — — 
N 3 2 — — 


were related to the larger number of real 
rats absorbed. 


Discussion 

Theoretical analyses of Exp. II revealed that 
the asymptotic frequency distributions were 
adequately described by the BW model, and 
less so by the PM. The PM, however, did de- 
scribe the fine detail for Group C67 well, but 
shortcomings were noted for Group C80. In 
contrast, the BW model fell short of an adequate 
description of the fine detail for both groups. 
Thus Exp. II failed to discriminate between 
these two models. The inadequacies of the 
BW model in Exp. II may be because correc- 
occurred in the presence of choice point 
stimuli, while in Exp. I it did not. A sec- 
ondary reinforcement mechanism may also ac- 
count for the discrepancies if one assumes that 
primary reinforcement affected the corrected 
response only and secondary reinforcement the 
initial choice response in Exp. I but not in 
Exp. II. 

The results of both studies suggest that ab- 
sorption rather than matching may be the 
typical outcome for probability learning in the 
correction T maze. In addition, the data of 
Exp. I suggest that Ss may develop stereotyped 
behavioral modes which may be extremely diffi- 
cult to disrupt. If the BW model is correct, 
the diffculty in disrupting choice behavior is 
due to increases in the probability of the initial 
choice response. This suggests that “fixation” 
of choice behavior may be treated as a special 
case of the BW model. 


tion 
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GROWTH OF A PERCEPT AS A FUNCTION OF 
INTERSTIMULUS INTERVAL 


GERALD M. MURCH? 
Portland State University 


Words were presented tachistoscopically 1, 3, 5, and 10 times, with inter- 
stimulus intervals (ISIs) of 50, 100, 250, and 1,000 msec. (Exp. I) and 
10, 25, 50, and 75 msec. (Exp. II). The increase in probability of correct 
identification as a function of frequency displayed the same slope for all 
ISIs, but overall height of the curves varied with the interval used. As the 
ISI decreased from 1,000 to 50 msec., a decrement in performance was ob- 
Served and explained as the result of 


was empirically supported in Exp. Ill i 
An improvement at short intervals was explained via a hy 


a reduction in scanning time. 


This 
n which a fixation point was added. 
pothesis of visual 


summation. Moving the word relative to the fixation point (Exp. IV) failed 
to reduce the improvement in performance at the shorter ISIs. It was con- 
cluded that visual summation is not a function of the primary receptors. 


Rece 

addressen Haber and Hershenson (1965) 

Peated ex ^ problem of the effects of the re- 

ie prob etu of a meaningful word on 

Trect] ability that the word would be 
“Uy identified. They noted that studies 
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über *quency. Using several durations, 
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exposure of common seven-letter 
foe showed the relationship between 
*DOsure Bl probability and frequency of 
tion app 2 be a negatively accelerating func- 
Mate] Proaching an asymptote after approxi- 
x Presentations of the word. 

He sneBnition accuracy in the Haber and 
rith ee (1965) study could be predicted 
function eral empirical functions. Of these 
the a 1S, the best fit of the data points for 
lq, "ad durations of exposure (thresh- 
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incorrect identification on the occasion of 
the first exposure, and n is the number of 
exposures. 

While the work of Haber and Hershenson 
(1965) provides a useful description of the 
relationship between recognition probability 
and presentation frequency, it fails to incor- 
porate the variable of the interval between 
successive stimulus presentations (interstim- 
ulus interval or ISI). The importance of 
this variable in studies observing an inter- 
action between temporally separate percep- 
tual inputs is emphasized by recent work on 
critical durations in visual acuity tasks. 
Kahneman (1964, 1966) has traced the 
length of time over which the time-intensity 
reciprocity ( Block's law) is shown to hold. 
The research on visual masking (Eriksen & 
Collins, 1965) and on short-term perceptual 
memory (Sperling, 1963) has indicated that 
critical temporal periods exist in the visual 
mechanism within which input and energy 
appear to summate or interact. $i 


ExPERIMENT I 


The purpose of Exp. I was to observe the 
relationship between recognition accuracy 
and frequency of exposure as a function of 
the interval between successive presentations 
of the stimulus words. In the study by 
Haber and Hershenson (1965), the ISI 
was held constant at approximately 10 sec.? 


2R. N. Haber, personal communication, October 
15, 1965. 
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A further difference between Exp. I and 
the earlier work of Haber and Hershenson 
(1965) relates to the visual angle of the 
stimulus array. Their „stimuli (English 
words) subtended small visual angles (4°). 
In the present study, a scanning task was 
introduced in that the words subtended visual 
angles of 13°. Whereas in the study by 
Haber and Hershenson all elements of the 
words could be perceived simultaneously, in 
Exp. I a scanning or refixation would be 
required in order to sample all the elements. 


Method 


The 220 most frequent seven-letter words from 
the Thorndike-Lorge (1944) list were selected. 
The list excluded proper names. All words were 
printed on white 4X 6 in. file cards with a 3-in. 
LeRoy stencil. 

The words were presented in a two-field mirror 
tachistoscope (Gerbrands Model T-2B-1). Field 
1 was always illuminated except for the dura- 
tion of the presentation of the word in Field 2. 
Field 1 contained two penciled horizontal lines (1 in. 
apart). The luminance of the fields was held 
constant at 4.6 ftc. 

Four exposure frequencies (1, 3, 5, and 10) and 
four interstimulus intervals (50, 100, 250, and 
1,000 msec.) were used. Each S was shown 10 
words at each of the 16 Frequency X ISI condi- 
tions, the order of conditions being randomized 
across Ss, 

The Ss (N —16) were unpaid volunteers from 
the author's introductory psychology class. At the 
start of each experimental session, the deck of 220 
words was mixed and 10 words were selected for 
the establishment of the presentation duration for S. 
The S was informed that seven-letter English 
words would be shown several times. Each time 
the signal light, mounted below the viewer of the 
tachistoscope, came on, S was to try to identify 
the word presented. Each word was presented 10 
times, with an ISI of 1,000 msec. 


word idi 
ISI of 


words were correctl 


ticular S. 


For Exp. I, S was given an answer sheet con- 
taining the numbers 1-160. After each number 
were seven blank spaces in which S was to record 
his answers. He was told to record what he 
Saw, even if it was not a complete word. After 
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each word, E gave S a code number to be Entered 
in a special column to the left of the miber or 
the trial. The presentation of each word for hen 
specific Frequency X ISI condition occurred 2 E 
S depressed a Morse key located below the tac T ^ 
scope. That is, the stimulus appeared either M " 
5, or 10 times at one of the four ISIs. Na 
the condition of one word presentation at anh ae 
represented a control condition. The signal lai ip 
below the viewer came on at the end of the e 
sentation, at which time S was to record his ue . 
While S recorded his perception of the Mus 
presented, E changed the word, selecting the DO 
word from the mixed deck of words. After p 
words, a new Frequency X ISI condition was 5C 


Results 


An analysis of variance of the number of 
words correctly identified for the three p 
quency conditions (3, 5, and 10 presentati 
of each word) and the four ISIs revealed 3 
significant effect for frequency, F (2, 45) Ee 
11.26, p < .01, and for ISI, F (3, 129) = 
12.04, p < .01. "S 

The four control conditions of one pues 
tation of the word at each of the ISIs dcs 
compared with a Friedman test. The ie à 
ing value of yê, = 3.51 was not significan 
the .10 level. en 

Figure 1 presents the relationship bere 
presentation frequency and the probability a 
correct word identification over all ISI a 
ditions. As the analysis of variance T é 
cated no ISI x Frequency interaction, a 
data for the ISIs of 100, 250, and 1,000 mst 
have been summed for this curve. Also by 
cluded in Fig. 1 is the curve predicted de 
the function offered by Haber and Hiro 
son (1965). That function Giégesinn in 
the slope of the observed function obtaine 
Exp. I for the summed intervals. ot 

The data for the 50-msec, ISI were ” 
included in the summed curve as it shov etl 
marked deviation from the other three I ti- 
The mean number of words correctly v^ 
fied for each frequency was compared, Je- 
each ISI condition by Duncan’s multip I 
range test. The means for the 50-msec- all 
deviated significantly (p = .01) ppt 10 
other ISI means for frequencies of 5 an 
presentations. to 0. 

The effects of ISI are shown in P E 
As can be observed, reductions in ISI apP 


GROWTH OF A PERCEPT OVER TIME 


PROBABILITY 
E] 
o 


RECOGNITION 


I 3 5 


FREQUENCY 


correct word identification as a function of 
ISIs of 100, 250, and 1,000 msec. combined, 
dicted relationship between recognition prob- 
yen by Haber and Hershenson (1965). 


Fic. 1. The probability of 
frequency of presentation for 
an ISI of 50 msec., and the pre 
ability and presentation frequency gi 

to result ; 
nition ae in a monotonic decrease in recog- 
accuracy over the intervals used. 

Disc, ssion 

U 
2 ip ben me conditions of Exp. I, the relation- 
Weney a identification probability and fre- 
Aceeler: of exposure is found to be a negatively 
to po êted function, This result is comparable 
ps Obtained by Haber and Hershenson 
function The slight overestimation by their 
Visual a can probably be attributed to the large 
The oble subtended by the stimuli in Exp. I. 
ie tacy vation of a reduction in recognition 
na te with decreasing ISI would be expected 
P S-in such as that imposed on S in Exp. I. 
Stance’ cven-letter word presented at @ 
tele of P 21 in. subtends a horizontal visua 
$ word .6*. In order to accurately perceive 
ae and. S must fixate the first part of the 
Meum then refixate the last part of the word. 
ign £ that such refixations can occur as 
orma i 45 once each 300 msec., additional in- 
pith tota about the word could only be obtained 
N = al Presentation times (Frequency 
trea, eater than 300 msec. As the interval 
“nd =e S has less time to scan the array 
nthe Ognition accuracy decreases. i 
‘neg ata from Exp. I can be adequately ex- 


With the assumption of information loss 


x----x PF AM v 
e—— IS! =(100+250+1000) 
&——a ISI =(50) 


due to a reduction in scanning time at shorter 
ISIs. The purpose of Exp. II was to observe 
the effects of shorter ISIs on recognition ac- 
curacy as a function of the frequency of pre- 


sentation. 


EXPERIMENT II 


A number of experiments have demon- 
strated the existence of a perceptual time 
unit somewhere in the region of 50-100 
msec. (White, 1963). Although a variety of 
interpretations have been advanced, the em- 
pirical evidence speaks for a process of 
visual summation in which successive visual 
stimuli falling within the critical time period 
interact. Such critical durations relate on 
one hand to the time-intensity reciprocity, in 
which visual responses are found to be de- 
pendent on the total energy of the stimulus 
(E=1xt, where J equals illumination and 
f the duration of the stimulus). Kahneman 
(1964) demonstrated a nonmonotonic rela- 
tionship between stimulating energy and 
acuity with regard to the critical duration 
within which the reciprocity law is shown to 
hold. As luminance increased, the critical 
duration decreased from 200 msec. to some- 


124 


where between 50 and 100 msec. Further 
increases in energy resulted in an increase 
in the critical duration to about 300 msec. 
In a recent study by Eriksen and Collins 
(1967), two patterns of dots, which when 
presented simultaneously produced a legible 
nonsense syllable, were presented at varying 
interstimulus intervals ranging from 0 to 500 
msec. The probability of the correct identi- 
fication of the syllable was observed as a 
function of the ISI. At very short ISIs 
(below 25 msec.), performance approached 

100% correct identification. As the ISI in- 

creased, performance decreased, reaching an 
asymptote somewhere in the region of 100— 

300 msec. 

(Thus on one hand, some tasks (Kahneman 

& Norman, 1964) result in complete recip- 

Tocity for illumination and duration and no 

reduction in recognition performance over 

critical durations up to 300 msec. (Kahne- 

man, 1964). Other tasks, such as that em- 

ployed by Eriksen and Collins (1967), yield 

à monotonic decrease in recognition accuracy 

in which performance is inversely related to 


ISI and reaches an asymptote between 100 
and 300 msec, 


100 
> 4 
E bN 
& 90 «^ 
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The relationship of ISI to Teco; 
combined in F. 
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Method 


The method was the same as Exp. I with po 
exception of the ISIs used (10, 25, 50, and 4» 
msec.). All other aspects of the study, inch 
the measurement of threshold, paralleled Exp. 
The Ss (N —16) were again unpaid volunteers 
irom an introductory class. 


Results 


An analysis of variance for the number of 
words correct for the three frequencies ° 
presentation (3, 5, and 10) revealed a ii 
significant value, F (2, 45) = 1.10, p > 10 
The ISI variable was significant, F (3, 129) 
= 6.46, p < 01, and the Frequency X I 
interaction was not significant, F (12, 129) 
= 1.51, p < .10. The insignificant value fot 
the frequency condition was found to be due 
to the deletion of the control condition of on 
presentation at each ISI. Ina subsequen” 
4 X 4 analysis, the value for frequency ae 
found highly significant, F (3, 45) = 17.28 
P< .01. d 

Again the control conditions of one WO" 
presentation at each ISI were compar? 
with a Friedman test. The resulting va!" 
of x*;=4.03 again failed to reach a * 
level of significance, 


----EXP TI 
250 1000 


gnition probability for all frequencies 
xp. I and II. 
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is 2 presents the relationship between 
inne probability and ISI for Exp. II. 
Exp Seed in Fig. 2 are the data from 


Discussion 


T sis 
the visi of correct identification of 
50 msec, Lon [oer to decrease from 1,000 to 
ISIs in Exp Il xp. D). For the very short 
in the mmie- se and 25 msec.), an increase 

nfs a. correct identifications resulted. 
Eriksen aud on confirms the observations of 
ation and p i ins (1965) in the masking situ- 
Successivo dud. and Collins (1967) in the 
a nonsense ee of dot patterns forming 
"creases b aus The summation effect 
iän asym e from zero-delay periods 
1t with mer s around 100 msec. It does not 

expectations of the critical durations 
time-intensity reciprocity function, 
curacy M penes no reduction in response 
duration I nin the confines of the critical 
: (Kahneman & Norman, 1964). Such 
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PA: ncluded that perceived brightness within 
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Stimul 


oe da 

arith ie of Exp. IT, then, appear compatible 

d Proba; summation hypothesis in which 

en reaS " ity of correct word identification 

“SSivg sti Mearly as the interval between suc- 

1 The j'mUlus presentation is lengthened. 

babies Se discrepancy between recognition 
7 cs in Exp. I and II for the 50-msec. 


Igy 

See. i 
task in Mt Worthy of note. If one considers S'S 
Exp. II, it would 


Skin tre 
Pear =. I as compared to ] 

iffa, t Sonable to assume that S would adopt 
R Probabin te in each study to maximize 
lg" Lan ^ed of identifying each word. In 
Igy "sec ut one of the ISIs were longer than 
ang Would An efficient strategy for the long 
tj, Pack involve fixating both the front 
hoë the DATts of the word. On those trials 
"wy ineg;.; "sec. ISIs, this strategy would be 

Y ong ‘cient as S would have time to fixate 


Eve, Me i 
tas all Portion of the word. In Exp- Uu p 
n nis 


wo Is were below 100 msec. 
Ould never have time to fixate on 
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various sections of the word and would use a 
single fixation point in the center of the word 
as the most efficient strategy. 


EXPERIMENT III 


The explanation of the results of Exp. I 
and II as a dual process dependent on a 
reduction in scanning time at longer intervals 
and visual summation at shorter intervals 
can be empirically examined. This was the 
task of Exp. III and IV. By including a 
fixation point and instructing S to fix his at- 
tention on that point during the entire pre- 
sentation, scanning could be reduced. Also, 
the inclusion of a fixation point, due to the 
increased probability of successive stimulus 
presentations falling on congruent retinal 
areas, might facilitate summation. 


Method 

Exp. III deviated from Exp. I in only two 
First, instead of two penciled horizontal 
lines in Field 1 of the tachistoscope, a fixation 
point (i-in. X) was centered in the field. The 
word was centered on the point. Second, a com- 
bination of ISIs from Exp. I and II was used (25, 
50, 100, and 500 msec.). All other aspects of the 
experiment paralleled Exp. I. 


aspects. 


Results 

The results of Exp. III are presented in 
Fig. 3. The figure relates recognition prob- 
ability to ISI over all frequency conditions. 
The combined data from Exp. I and II are 
provided to give a base line against which the 
results of Exp. III can be judged. 

The 3 x 4 analysis of variance revealed 
an F (2,45) = 4.43, p < .025, for frequency 
and an F (3, 129) = 12.59, p < .005, for 
the interval between presentations. Again 
the Frequency X Interval interaction failed 
to attain significance, F (12, 129) — 73, 
p > .05. 

In order to test the effects of a fixation 
oint, a within-groups analysis of variance 
(Lindquist, 1953) across Exp. I and III was 
conducted. The results showed a signifi- 
cant interaction between Exp. I and III 
and ISI, F (2, 60) = 10.91, p < .001. 

A Friedman test conducted for the control 
condition of one presentation of each word 
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for each ISI yielded a value of 3.32, which 
does not reach a .10 level of significance. 


Discussion 


The inclusion of a fixation point resulted in 
lower recognition probabilities at the longer 
ISIs (Exp. III) as compared to a condition in 
which S was not required to maintain a strict 
fixation (see Exp. I and II). This result is 
compatible with the assumed Scanning process 
used to explain the improvement at longer ISIs 
in Exp. I and II. By requiring S to main- 
tain a strict fixation, scanning behavior was 


reduced such that longer intervals had no facili- 
tatory effect, 


ExrERIMENT IV 


Experiment IV tested the assumed process 
of visual summation used in the explanation 
of the improvement in recognition accuracy 
at short ISIs (10, 25, and 50 msec.). It was 
hypothesized that changing the position of 
the word relative to the fixation point during 
each ISI should reduce the opportunity for 
visual summation at the level of primary 
receptors of the retina. This hypothesis fol- 
lows from the data of Eriksen (1966), who 
demonstrated independence of successive 
presentations of the same or different forms 


1.00 


> 
E 
= 
o 
< 
ae 
o 
a 
a 
z 
$ 20 
E 
z 
o 
o 
9 60 
w 
a 


GERALD M. MURCH 


projected on different portions of the fovea, 
even when the interval between presentations 
was less than 1 msec. 


Method 


The method of Exp. IV paralleled Exp. IH 
that ISIs of 25, 50, 100, and 500 msec, frequent 
of presentation of 1, 3, 5, and 10, and a we 
point were used. Other aspects, such as the d 
lishment of the presentation duration, words, ies. 
design, were the same as in the previous stu! the 
In Exp. IV, however, the card holder € ger 
word was mounted on the presser foot of a Binet 
sewing machine placed in a light-shielded on e 
built behind Field 2 of the tachistoscope. ence 
pendent judges were unable to detect any differs 
in the appearance of the words when flashed pe 
mounted in front of the sewing machine as € 6 
pared with the presentation in the card holder - 
Field 2 in the prior experiments. The sev P 
machine was activated .5 sec. before the first ur 
sentation of the word and continued to run du the 
the ISI between presentations. Naturally "^. 
machine was inactive with a presentation fre 
of l. The word was moved 2 in. in a vewith 
direction at a constant speed of 12 cps. 


this speed, the position of the word varied 
1 


betwee? 


E 
* and 1 in. relative to its position on the precem 
flash. The mean variation was 3 in. The s 3 
of each word established for each S rd al 
msec.) was short enough to “freeze” the ae et 
the position in the continuous cycle of moveme 
up by the sewing machine. 
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cognition probability for all frequencies 


combined in Exp, I and II, III, and IV. 
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Results 


E" ued of ISI, independent of íre- 
he Y, for Exp. IV is illustrated in Fig. 3. 
wel Combined data from Exp. I and II as 
to EL results of Exp. III are included 
tate a comparison of the effect of mov- 
— ee of the word during the ISI. 
in a sj X 4 analysis of variance resulted 
Present nificant value for frequency of word 
Well station, F (2, 45) = 7.64, p < .005, as 
Dna for the effect of ISI, F (3, 129) — 
interact <.005. The Frequency x ISI 
Ege lon was not significant, F (12, 129) 
The $ 05. 
the fix fent of moving the word relative to 
Parison. "y point can be assessed by a com- 
Owed of Exp. III and IV. The results 
tween bur a significant interaction be- 
60) — a III and IV and frequency, F (2, 
and Ty > P 7.05, nor between Exp. III 
Comm. ^d ISI, F (3, 90) = 43, p > .05. 
Iv paring all three experiments (I, III, and 
Perime aed the expected significant Ex- 
7.36 "ts X ISI interaction, F (4, 90) - 
ment < .001, and a failure of the Experi- 
signi, Frequency interaction to attain 
cance, F (4,90) = 1.51, p > 05. 
sentati control conditions of one word pre- 
Vig. 19h at each frequency were compared 
riedman test. Again the four condi- 


tions gj 
S did not differ at the 10 level. 


qm tion 
ben results of Exp. IV indicate an improve- 
Stimul n recognition accuracy even though the 
Parts of Words were projected on different 
An int the fovea on successive presentations. 
vista "rpretation of these data in line with a 
Mar ammation hypothesis emphasizing pri- 
Seem -ceptors of the visual system does not 
d At first consideration, these 
appear compatible with a process 
“ent s nmation USD S a higher visu 
U Ysien a as has been suggested by the 
1965)" gical work of Hubel and Wiesel (1962, 
pii o; Sahneman (1966) suggested the possi- 
a ter. ion of form 
ua E à central mechanism and provided 
b ? that hoes 1964) to support the assump- 
E for tems Primary receptor 
“theta oral summation. 
» Norman, and Kubovy 
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served the extent of temporal summation for a 
form (Landolt C) under conditions of monocu- 
lar and binocular viewing, the binocular presen- 
tation being either simultaneous or successive. 
Their results showed perfect binocular summa- 
tion in the binocular-successive condition up to 
300 msec. and up to 160 msec. for the binocular- 
simultaneous and monocular conditions. They 
conclude: 


This indicates that the structure which is responsi- 
ble for binocular summation can utilize with com- 
plete effectiveness information arriving from the 
two eyes during this period. Therefore, the 
deterioration of performance beyond 160 msec. in 
the monocular and binocular simultaneous condi- 
tions cannot be due to limitations of this structure 
or any subsequent stage of visual processing. The 
decrement of simultaneous binocular vision for 
durations exceeding 160 msec. must then be due to 
the weakening of messages arriving from a more 
peripheral station along the visual pathway [p. 326]. 


If it is possible to assume that the underlying 
process of summation in the Kahneman et al. 
(1967) experiment was mediated by the same 
mechanism as the summation effect observed in 
the present study, the locus of the effect can be 
neither cortical nor primary. By the process 
of elimination, the summative effect must occur 
at the level of the bipolar or ganglion cells, as 
suggested by Murch (1967) and Kahneman 
et al. (1967), or in the lateral geniculate body. 
This latter structure of the visual system has 
been shown in the cat to display a lesser degree 
of binocular interaction (Erulkar & Fillenz, 
1960) than in the visual cortex (Hubel & 


Wiesel, 1962). 
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POSITIVE AND NEGATIVE TRANSFER RESULTING 
FROM FORMAL SIMILARITY OF STIMULI? 


WILLARD N. RUNQUIST °? 


University of Alberta 


Transfer in A-B, A'-B and A-B, A'-B. paradigms was related to number 


and position of identical letters between A and A’ terms. 


Compared with an 


a5 C-B condition, positive transfer occurred only when A and A’ terms 
shared two letters. Negative transfer was also restricted to situations where 


stimuli shared two letters. 


When letter identity was in the same position 


for all items, negative transfer did not appear until late in acquisition. 
The results, in general, do not conform to a stimulus generalization interpreta- 
tion of transfer and suggest the involvement of possible mediational mecha- 
nisms in transfer due to formal similarity of stimuli. 


T 

iud ^M aen of the present experiment 

A-B, A’ udy transfer in the A-B, A’-B and 

formal ae Paradigms as a function of the 

Stimulus : hilarity between A and A’, the 

Paited-associne of two consecutively learned 
spit. en lists. 

* a rene empirical investigation 
ormance ationships between transfer per- 
this parti and similarity, relevant data on 
Ing, icular problem are singularly lack- 
Meaning fal Studies to date have manipulated 
s Bu mM than formal similarity 
; 1948. ski. & Cadwallader, 1956; Os- 
(1966 tae Wimer, 1964), and Underwood 
"tical en pointed out that different theo- 
Transfer Ocesses are likely to be involved in 
; ansfer mediated by meaningful relations. 
Stmilo ss experiments using formal stimulus 
Stimuli Y seem to be restricted to nonverbal 
one ey, Pallett, 1962; Gibson, 1941), with 
OMpar ption. Bruce's (1933) classic study 
AB, Te an A-B, A'.B paradigm with an 
fer he Condition, Relative positive trans" 
Share, Obtained when the trigram stimuli 
Rati, the first two letters. Appropriate 
"or € Paradigms were not investigated, 

re other letter combinations included. 
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In the only other experiment relevant to this 
problem, Yum (1931) provided a single 
“recall” trial after changing the stimuli and 
found that performance on this test suf- 
fered less when fewer letters were different 
from those used during learning. 

Formal similarity among verbal units has 
traditionally been defined as in the afore- 
mentioned studies, ie. in terms of number 
and position of identical letters. This defini- 
tion is certainly reasonable since it has been 
shown that at least with trigrams, rated 
similarity is almost perfectly correlated with 
number of identical letters and is virtually 
independent of position unless the locus of 
the letter is changed. (Runquist & Joinson, 
1968). 

In the experiments reported here, selected 
conditions varying the locus and number of 
identical letters between stimulus terms in 
successive lists were employed in both posi- 
tive (A-B, A-B) and negative (A-B, 
A’-B;) transfer conditions. In some condi- 
tions the locus of identity was the same for 
each transfer pair, while in other conditions 
the locus varied for different pairs. Rela- 
tive transfer under these conditions has sev- 
eral implications for contemporary transfer 
theory, but discussion of these issues is post- 
poned until the actual results have been 


presented. 
METHOD 


Design and materials—The S's task was to learn 
to press one of six buttons arranged in a linear 
array when one of six verbal stimuli was presented 
on a visual display. This task has the advantage of 
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eliminating transfer of response learning in the 
two paradigms under investigation, as the "response 
population" is continuously present. , Each S per- 
formed this task with two sets of six stimuli se- 
lected and assigned to response buttons to fit one of 
i nditions. 

AIL stimuli were CVC trigrams of less than 2576 
association value (Archer, 1960). One Set of six 
trigrams served as the second set (List 2) for all 
Ss. In all sets, intralist letter repetitions were as 
low as possible, Each stimulus began and ended 
with a different consonant, although two consonants 
were duplicated in the set. In List 2 each of three 
vowels was used twice, although in other lists 
vowel duplication necessarily varied somewhat in 
order to construct various paradigms. 

Groups were defined in terms of different first 
lists. The “control” list fitted an A-B, C-B para- 
digm, with no letters in common with any items in 
List2. In the list designated HE-1 (heterogeneous 
rules, one letter), each stimulus shared one letter 
with a corresponding stimulus in List 2. For 
two pairs it was the initial letter, for two pairs it 
was the vowel, and for two pairs it was the third 
letter. Another list, designated HE-2, was con- 
structed so that each item shared two letters with 
one of the List 2 items. Two pairs shared first and 
second letters, two pairs shared first and third 
letters, and two shared second and third letters, 
The remaining two lists, designated HO-1 and 
HO-2, were also constructed so that one or two 
letters, respectively, were shared with items in 
List 2. In the case of HO-1, however, it was the 
first letter for all pairs, In the case of HO-2, it 
was the first two letters in all Pairs. The latter two 
Conditions were selected from six possible relations 
because they had been shown to produce the most 
intralist interference (Runquist, 1968). 

In each case except the control, the two main 
transfer paradigms were created by assigning items 
Sharing letters to the same button in List 1 and 
List 2 to produce the A-B, A'-B paradigm and by 
assigning them to different buttons to make an 
A-B, A'-B, paradigm. Thus, there were nine con- 
ditions: the control group (A-B, C-B) and the 
Íour transfer groups (HE-l, HE-2, HO-1, and 
HO-2), arranged with both relevant pairing and 


re-pairing of terms sharing letters. All stimuli are 
shown in Table 1, 


There are tw 


o facets of this design which de- 
Serve comment, 


Traditionally, A-B, C-D (new 
stimulus and Tesponse terms) provide the base line 
from which transfer is measured. This does not 
Since the interest here lies in relative transfer effects 
Seem necessary or appropriate in the present case 
resulting from increasing similarity of stimulus 
terms. — Thus, while both positive and negative 
paradigms converge on A.B, C-B, no statement can 
be made comparing the amount of transfer in the 
two directions. One may only make conclusions 


with respect to the relative effects of increasing 
similarity. 
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TABLE 1 
STIMULUS MATERIALS 


First list 


Second 
Control list 
HE-1 | uE2 | noa | noa 
ruy | xar | QAZ 
LIW KIH | | Kn 
XAP zur | zas | zux | zov 
HIF xv | iv ww | ME 
WUX coy GOQ VUF VOF 
GAC | JYX NyZ | NAJ NYH 


The sccond matter of concern is the use of Led 
one source of similarity in the HO condition 
Ideally, all three possible letter identity rules Sun ar 
have been used for both single- and double-le jue 
similarities, thus allowing a direct comparison 
tween HE and HO conditions. ical sec- 

However, transfer designs demand identica ud 
ond lists for all conditions, and in the present ker 
cumstances no lists could be constructed which ale 
this restriction with all of the possible identity T a 
tions. No alternative design could be arrange 
which did not involve a prohibitive number on 
conditions and lists. Consequently, it was ee 
to forego this comparison and use these ot 
tions for HO conditions which were most likely 
produce transfer. has 

Apparatus and procedure.—The apparatus -. 


ist 
been completely described elsewhere (Runge in 
1966, 1968). in- 


The Ss were seated in booths "T 
which were located sloping response panels s ut- 
ing the six buttons. Immediately above cac ' all 
ton on a vertical extension of the panel was à booth 
light. Protruding from the wall above the we 
was a 3X 5 in. screen on which the trigrams | by 
presented. A system of relays controller on 
punched paper tape selected stimuli. A cam © rate 
by a synchronous motor controlled presentation rder. 
Responses were recorded on an event reco the 
Generally, two Ss were run simultaneously 1 
same condition. : ethod: 
All learning was by the anticipation Ue 1.54 
Each item was presented for 3 sec, of which " 
Sec. was anticipation interval, during which pm P 
tried to press the correct button. During the iton 
ceeding .98 sec., the light above the correct 
was lighted and responses were not recorded. is- 
For the remaining 48 sec, both stimulus e 
play and feedback lamp were off. Althoug each 
order of presentation was arranged so tha senta” 
item occurred once in each block of six Pe 
tions, no interval or other indication was E r ba 
S that one “trial” had ended and that anot gence 
begun. For S it was simply an unbroken Se ders 
of stimulus presentations. Five different 
of presentation were used. iven on 
Twenty repetitions of each stimulus were E tel 1 
List 1 and 12 trials on List 2, Approxim 
min. separated the two lists. 
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Subj 
à apa Ss were 180 introductory psy- 
T ents who served as part of a course 
HED ers A. they appeared at the laboratory, 
scheme phe igned to conditions according to a 
within Fi randomized the order of conditions 
Tan e containing each condition. All Ss 
n by trained undergraduate Es. 


RESULTS 


Li , 

does not M —Performance on List 1 
of the equiv i e an unconfounded estimate 
since the list y ies of the various groups 
groups, Ne learned also differed for these 
assessment We ertheless, it does provide an 
ance on thes p iar acquisition perform- 
Correct res ES St; The mean number of 
Shown in TAa on the last five trials is 
ne EIOS list 2 for all nine groups. Only 
ciently discrep produced performance suffi- 
interpreting E to cause any difficulty in 
e ET performance. Both of 
Were perior V hich learned this list as List 1 
acquisition E more poorly at the end of 
Sponse gro n the case of the relevant re- 
mui Gees P 4, 85) = LA, A — 25, 
26, p < o riting groups, F (4, 95) = 
nificance k l. In one sense, however, sig- 
€ bias ode an Issue. More important is 
Althougi roduced in transfer comparisons. 
*etically b covariance analysis could theo- 
; Tession en to adjust transfer data, the 
in Such Slopes were heterogeneous. mak- 
an analysis impossible. Conse- 


A-B,A*B 


PERCENT CORRECT RESPONSES 


Performance 
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TABLE 2 
Mean Correct on Last FIVE TRIALS 
" or List 1 
Group A-B, A'-B A-B, A'-Br 
Control 19.70 — 
z-l 20.05 20. 
HE-2 18.60 30.35 
HO-1 20.65 21.15 
HO-2 16.45 13.45 


quently, it is simply necessary to take the 
bias into account in interpreting the transfer 
results. 

Relevant response conditions (A-B 
A'-B).—The leit section of Fig. 1 indicates 
performance on List 2 in blocks of three 
trials for the four groups in which List 2 
responses were paired with relevant List 1 
items and for the A-B, C-B (control) condi- 
tion. As is usually the case, differential 
performance was restricted to the early 
trials. Moreover, similarity of the stimulus 
terms only had a noticeable effect in the con- 
ditions in which two letters were shared 
(HE-2 and HO-2), with the largest effect 
occurring in the HO-2 group despite the bias 
introduced by poorer List 1 learning or 
slower learning Ss in this group. 

An analysis of variance provided some 
support for the picture shown in Fig. 1. 
Group means were not significant, F < 1.00, 


A-B.A- B, 


BLOCKS OF TRIALS 


e on List 2 for various transfer con 


ditions. 
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although the linear component of the 
Groups X Trials interaction reached accept- 
able levels, F (4, 285) = 396, p « 01. 
Comparisons of each transfer condition with 
the C-B, group showed that only the HO-2 
group produced overall facilitation, ¢ (38) = 
300, p< 0l. However, both HE-2 and 
HO-2 showed significant linear trend dif- 
ferences from that of the C-B group: F (1, 
285) = 4.65, p < .05, for the HE-2; and 
F (1, 285) = 12.32, p < .01, for the HO-2. 

Thus, unless the stimuli shared two let- 
ters, there was no direct transfer to List 2 
learning resulting from similar letters. 
Whether the identical letters were in the 
same position for all pairs or in different 
positions for all pairs did seem to affect 
transfer in that the HO-2 group did show 
a reliable effect, while HE-2 did not. 

As previously mentioned, the design does 
not allow for comparisons between HE and 
HO conditions, so that assertions concerning 
the effects of heterogeneity and homogene- 
ity of the similarity relations cannot be made 
with any confidence. 

Nevertheless, indirect evidence may be 
gleaned from an analysis of items having dif- 
ferent position similarities in the HE-2 con- 
ditions and from a comparison of perform- 
ance on these items with comparable items 
in the HO-2 conditions, If better perform- 
ance in the HO-2 condition is a result of 
homogeneity of the transfer relation per se, 


then items in HE-2 sharing the first two let- 


ters should still show less relative transfer. 
On the other hand, 


if transfer is equivalent 
on those items for the two groups, it could be 
argued that the poorer overall performance 
in HE-2 is a result of the fact that the other 
transfer relations included in this condition 
are less effective. At the very least, this 
result would not support a conclusion that 


homogeneous transfer relations produce 
larger effects, 


The analysis was 
on the first five tri 
were not balance 
performance on 


made on the total correct 
als of List 2. Since items 
d over button Positions, 


each item was compared 
with performance on the corresponding item 


in the C-B Sroup. The difference in total 
correct responses indicates degree of trans. 
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fer for those items. For the HE-2 group ihe 
overall superiority over C-B was 51 -— 
responses, The pairs identical in the firs 
two letters accounted for over half of this 
difference (28 correct responses). Pairs 
sharing first and third letters produced us 
of the remaining facilitation (17 correct re 
sponses), with pairs sharing vowel and pls 
letter showing little positive transfer (6 co 
rect responses). N 
The imme Ee items in the HO-2 e 
dition produced facilitation of 31 correct d 
sponses, which corresponds quite closely 
the value of 28 in those items in HE-2 gu 
(first two letters identical). The other ris 
of items in the HO-2 group produced € 
tative effects of 38 and 32 correct repont 
Consequently, there was no firm evidence fo 


Mi : ity 
greater transfer when position identity 
“rules” were the same for all pairs. AB; 

Re-paired response conditions ( 


A'-B,) —The right section of Fig. 1 stian 
the acquisition performance of List E 
the re-paired groups and for the C-B con 4s 
group. The results parallel the pee 
with respect to facilitation effects in id 
crease in interference only occurs when 2). 
letters are identical (HE-2 and Bow 
One major difference, however, is that vals. 
interference is not restricted to early tor * 
Analyses of variance resulted in a signi 
cant effect of groups, F (4, 95) — 4.15, ae 
O1, and again the linear component of nb 
Groups x Trials interaction was significar 
F (4, 285) = 376, p < 01, Comparis" 
of each group with the C-B group MCA 
that mean totals correct for HE-2 and H = 
were less than that of the C-B, t (38) o: 
95 and 6.27, respectively, Tf the slope a 
efficients of each transfer group are Eo 
pared with the C-B group, only the (1, 
condition produced any difference, P m 
285) = 10.63, p < 01. This resulted fro? 
divergence in acquisition performance O 
trials. rm- 
Although interpretation of the peior 
ance of HE-2 is unambiguous, the samp ist 
error or list difference effects on first to 
performance of HO-2 makes it impossib ae 
determine whether the generally poorer P in 
formance of that group represents a gen" 


| 
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TABLE 3 


MEAN CORRECT FOR BLocks or TRIALS: 
EPLICATION EXPERIMENT 
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TABLE 4 


CONFUSION ERRORS FROM First-List STIMULI IN 
RELEVANT RESPONSE GROUPS 


Corre 
Gro mel Correct on List 2 
"Toup. d 7 
=—— Telaler6-20 Trials 1-3 | Trials 4-6 | Trials 7-9 
How! | 205 | 430 | 1128 | 13.78 
Ep oe 4.95 10.00 11.69 
transf 
er NS 
effect due to similarity. Conse- 


Quent] > 

along " = HO-2 condition was replicated 

in tat on the C-B condition with 20 Ss 
group using two new and different 


Sets of Ji 
Original lists constructed exactly as in the 
n ieee The results are shown 


ca Parison of the values in the first 
List 1 Provides assurance that this time 
., Performance did not differ between 
on] m Control conditions. Although 
ne trials were given on List 2 in this 


beri 
as before the same trends are evidenced 
fere © Initially, HO-2 shows no inter- 


Ped bng by the last block of three trials, 
Seg op ANCE is considerably lower. Analy- 
duc 4 ariance on these data failed to pro- 
for ance icant overall difference in per- 
> tia]; F (1, 38) — 1.61, but the Groups 
6) 45 interaction was significant, F (2, 

«722, p < 05, 

Some g other analyses were performed on 
“XDerim the transfer data from the original 
5s indi One analysis on the learning 
b: Hl pairs in the HE-2 group was 
t don actly as in the relevant pairing con- 
js Sring E the HE-2 group, differences 
ssfer ae C-B group held for all three 
mee relations, As in the relevant re- 
tect ced tuition, identical first two letters 
Wa Orge, most transfer (27 incorrect 
ps Next ç Identical second two letters 
i: st inte. c incorrect responses), and the 
E an “erence resulted from identical 

Snses) third letters (13 incorrect Te 
ty. Ur 

Ny um evidence of differential interfer- 
ie ling Sought in the overt error data, but 
“to the sions (responses which were cor- 
* similar stimulus in List D) did 


Items Source Poe Control 
HE-1 

2 Vowels 27 16 

1 Consonants a4 51 
HE-2 

3 Vowels .28 2 

3 Consonants AS 14 
HO4 " 

onsonants .10 .06 

HO-2 à 

6 Vowels 25 .20 


not comprise a greater proportion of overt 
errors in the HE-2 group than did corre- 
sponding response substitutions in the C-B 
group. 

Confounding effects.—Inspection of Table 
1 reveals that for some lists, transfer rela- 
tions were confounded by other sources 
of letter identity within the list. Two sorts 
of confounding exist: consonants in a differ- 
ent position in an "irrelevant" stimulus and 
vowel duplication. Not all lists are equally 
confounded, but in each case the effect 
should be to decrease positive and increase 
negative transfer. It is thus possible that 
failure to find positive transfer in some con- 
ditions resulted from such confounding, al- 
though failure to find negative transfer in the 
corresponding re-paired conditions where it 
would be presumably enhanced argues 
against such a conclusion. 

Nevertheless, an attempt was made to 
assess the effects in each relevant pairing 
list by inspecting the source of overt errors. 
The results are shown in Table 4, which lists 
the source of negative effects in each group 
and the proportion of intralist confusion 
errors among those items sharing letters, 
along with the proportion of the same error 
in the control condition where no letter shar- 
ing occurred. Clearly, duplication of con- 
sonants in different positions had little ef- 
fect. On the other hand, duplicating vowels 
does result in small but consistent increases 
in intrusions. 

Whether this interference is responsible 
for failure of some of the conditions to pro- 
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duce positive transfer is debatable. In the 
HE-1 group, half of the pairs did not share 
any vowels with other items, and yet no 
transfer was observed in those pairs. Fur- 
thermore, HO-1 had only consonants con- 
founded. Not only was no relative transfer 
exhibited in this group, but there was no 
evidence that items sharing consonants and 
those not sharing consonants differed. Ten- 
tatively, it appears as if basic transfer rela- 
tions were not affected by these factors. 


DISCUSSION 


The following major findings emerged from 
this experiment : (a) When response terms were 
identical, stimulus similarity produced facilita- 
tion only when two letters were identical. It 
was not possible to ascertain whether facilita- 
tion was greater when all items shared letters 
in identical positions as opposed to items shar- 
ing different letter positions. (b) When re- 
sponse terms were re-paired, similarity produced 
interference only when stimuli shared two 
letters. These effects tended to persist during 
learning, particularly when all items shared let- 
ters in identical positions. 

One should, of course, be cautious about inter- 
preting these findings in terms of positive or 
negative transfer. The A-B, C-B condition 
has been shown to be a negative transfer para- 
digm when compared with the usual A-B, C-D 


reference group, although under multiple-choice 
conditions the effect is quite small (Postman & 
Stark, 1969). 


In any event, it is likely that 
in terms of transfer relative to the C-D type 
control, A'-B effects are overestimated and 
A’-B, effects are underestimated, 


Perhaps the most interesting single finding 
was the negative result obtained with the 
single-letter conditions. The generality of this 
result may be debatable, for it may be quite pos- 
sible to obtain transfer with single letters 
under appropriate conditions. Nevertheless, 
the conditions of the present study should have 
been adequate to produce both 


j positive and 
negative effects if transfer due to formal simi- 
larity is simply 


à result of stimulus generaliza- 
tion as Underwood (1966, p. 534) suggests. 
A steep generalization gradient could deal 
with the "positive" paradigms, but the failure 
of negative transfer to appear on initial trials 
of the re-paired paradigms implicates some 
process other than generalization, Further- 
more, there is nothing in the generalization 
theory to deal with the fact that different 
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sources of identity seem to produce differential 
transfer effects within both HE-2 conditions. A 
It may be possible to make some seat 
sumptions about the generalization pro On 
which can deal with these anomalies. 
the other hand, it may be a more viable gna 
to consider the involvement of other pree 
The present experiment does not provide sses 
definitive data suggesting what these proce EX 
might be, although some likely possibilities 
contraindicated. 1963) 
Stimulus selection coding (Underwood, ] "e 
would seem to be a likely candidate, as pm 
been shown to operate with at least some § jan 
uli of the class used in these studies (Eam 
& Greenbloom, 1967). If S used the iden a 
letters as functional stimuli in List 1, po S 
transfer could be obtained through direct e 
fer. This seems unlikely, however, ape 
findings regarding the selection process n ndi- 
fixation on the first letter only, and this z f 
tion (HO-1) failed to produce evident ims 
facilitation or interference, Similar en any 
occur in the re-paired paradigm in tha 
reasonable selection strategy on the park. 
would be likely to result in interference 4 
outset, which rapidly diminishes. nisms 
On this basis, stimulus selection mecha f 
do not seem important in this experiment 
course, the experimental conditions. may 
have been such as to result in activation this 
strategy, so that one should not interpret ^ in 
mean that selection is not ever invo jee , it 
formal similarity-produced transfer. Ind with 
may be reasonable to expect that transfer v jj. 
one letter identical may only occur wien to 
tions are likely to produce stimulus d rapi 
The “motor” paired-associate task and 
presentation rate with no intertrial interve 
in the present experiment have failed ul 
duce results consistent with a stimulus 5° 
notion in other experiments (Runquist, 
as well, so this is a possible solution. 
It could also be argued that at least the tne 
tive" effects are due to the elimination 5 pre 
interference from backward association? pis 
sumably involved in the C-B condition. erent? 
would mean that the B-A, B-C Hape ig 
paradigm becomes a B-A, B-A' Pinis pa? 
when stimulus terms are similar, and s itu 
long been considered a positive transfe east in 
tion. Involvement of this process, at onv 
these results, seems unlikely. First. 10 won 
ing mechanism can be outlined as to how pet i; 
ference or facilitation can take Len ring o 
or A' is the presented stimulus term S f 
2 learning. Activation of the associa 


o: 
t the 


d 
d 
ro 
io 


TRANSFER RESULTING FROM FORMAL SIMILARITY OF STIMULI 


su ] 
ums cu DR interference or facilitation 
be: evcked des demand that the correct response 
ciate could efore the relevant backward asso- 
realm of Aus When it is within the 
Could in 2 E ility that a backward associate 
ance, it nac way interact with List 2 perform- 
of events a d tainly involve a complex series 
Telations "s demand rather strict temporal 
Usually dema eet the B-A, B-A’ paradigm 
times ` thai Es somewhat longer “anticipation” 
fran nmi h: ee study 

Marsh ects are to be obtained (Runquist 

arshall 1963). 
ent uve D E consistent with the pres- 
or similar so «d Ss use the identical elements 
ist 1 stinde s to reintegrate or recall the 
Course, ther us and hence its response. Of 
the Present i Smp direct evidence of this in 
Other pect ata, but in view of the fact that 
orm to du E do not consistently con- 
Clearly Dos ace of results, such a process 1S 
Mediating pa le. If so, it would mean that 
r ftus ating are as necessary to account 
i racteristic. hen similarity is based on formal 
ased on ics of the stimuli as when it is 
Meaning. 
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R) 


The use of homonyms as verbal discrimi- 
nation (VD) items presents an intriguing 
test of frequency theory (Ekstrand, Wal- 
lace, & Underwood, 1966) via an indirect 
manipulation of response frequency. Two 
experiments are reported here, the first re- 
lating homonyms to single-list VD learning 
and the second to VD transfer. 


EXPERIMENT I 


posed of homonyms should 
o learn than a list devoid of 


g as a R item an 
Lists containing su 
pairs may be constructed with t 
entering into eith 
relationships, 

like peace and pi 
with peace as th 


ch homonym 
he homonyms 
er intrapair or interpair 
In an intrapair list, words 
ece would be paired together 
e R item and piece as the W 
item. Inan interpair list, beace would be the 
R item for a pair in which a nonhomonym 

» scene) would be the paired W 
In turn, piece would be the W 


item 
of a different Pair and seen would be tt 


he R 
item of still another pair, etc. Verbalization 
of one member of the pair asa R item is 


1 Requests for reprints should be 
H. Kausler, De 


Louis University, 


sent to Donald 
partment of Psychology, Saint 
St. Louis, Missouri 63103, 


(V. 


onym word pairs. 


Ra control, 
ed items similar to 


D) lists composed of homonym word 
items were more difficult to learn than 
Moreover, an intrapair 
than an interpair W-R 
icated that the intrapair 
process employed to "tag and 
tion of R items during VD 
VD transfer paradigm was employed 
-Rr relationship. Positive transfer, 
was found, but only when Ss were 
List 1 items. 


expected to add frequency units to its kc 
terpart present as a W item either w! or 
the same pair (the intrapair condition) ig 
within another pair elsewhere in the list bsp 
interpair condition), The increase in us 
lute response frequency to W items sh 
make intrapair discriminations between an 
and R items considerably more difficult the 
ina nonhomonym control condition. 
extent that such discriminations der the 
on differential response frequencies. +! are 
present experiment, rehearsal responses d- 
presumed to be the primary source O 
ing frequency units to W items 11 that 
homonym conditions. To the extent ace: 
S’s rehearsal of a given R item, such as $ ord: 
consists of covert pronunciation of the sis the 
response frequency should generalize pov 
phonetically identical W item, such as P ds 
The effects of overt pronunciation wii a 
as an additional source of generalizatiO® 
items were minimized in the La o 
study by having S indicate his selecto i 
items during anticipation interva ition 
terms of overt “left”-“right” spatial pon spe 
responses, rather than verbalizations eet 
cific word choices, This procedure av“ c o 
the confusion that would have kon 00 
curred in the intrapair homonym condi edict 
Frequency theory per se does not i 
a difference in acquisition rates poet 
intrapair and interpair homonym condi ul- 
However, several recent studies aut 
kerson & Kausler, 1969; Kausler & 
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E ue oes that additional processes may 
at least oo cues that compensate, 
iciency r^ m for decrements in the pro- 
cues, Eg 1 erential response frequency 
Fulkerson m relevant is the study by 
in total freq nd Kausler, in which increments 
y employ ced to W items were generated 
arid 4 idirectional word associates as 
conditions co SIS: Intrapair and interpair 
Present E ae eg in form to those of the 
trol conditi y Were contrasted with a con- 
and R € receiving unrelated words as 
tion was pit Only the interpair condi- 
€ control a hie be significantly inferior to 
owing VD e ition. A free recall trial fol- 
compensator, actice provided evidence for a 
n the ein d process which is more effective 
i apair condition than in the inter- 


Pair cosa; 

Or $ i r 

CU wi quit This process consists of S’s 

asso of the two members of bidirectional 
ciate: 


S in terms of “wrong” and “right” 
Memory — which are then stored in 
Wn dis nd retrieved as cues for subsequent 
Whalen ee (Barch, Lippman, & 
ates Whey 967). If a similar process oper- 
Sites ar homonyms rather than word as- 
Shout, are employed, the interpair condition 
t ir SA y be more difficult than the intra- 
ask follo ion. Consequently, a free recall 
Present wing VD practice was given in the 
Sidene T às a means of providing further 
€ tor such compensatory processes. 


Metho d 


els or 


Sup; 
de Jec, 
i d conditions —The Ss were 36 un- 
S9 to th who were assigned in randomized 
ve tre nno three groups (» = 12). All of the 
ba * ve with respect to prior participation in 
E] Tesente e experiments. The three groups 
E2 Pus experimental conditions, Groups 
Ang Dair an or which the homonyms entered into 
"ms cont interpair relationships, respectively, 
Slated Tol condition, Group C, which receive 
ist eas as W and R items. 
G homonyms were words of A and AA 
a S grorndike & Lorge, 1944) that ae 
teg we erence book on homonyms (Kirtland, 
Te d: an nty-four pairs of homonyms were Se- 
ont lists a pool. From this pool two dif- 
Struto Forms A and B, of 12 pairs each were 
, for Group El by random selection 
initial pool. One member of each 
Pair was randomly designated the W 
oi € other member the R item. Forms 
a 12-pair list were prepared for Group 
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E2 by randomly re-pairing the homonym members 
of Forms A and B for Group El, with the W and 
R items retaining the same functions they had 
for Group El. Forms A and B of a 12-pair list 
were prepared for Group C by retaining the R 
items of the experimental lists and replacing the 
W items. The replacements were words of A 
and AA frequency selected from the Palermo and 
Jenkins. (1964) stimulus words. These words 
ranged in length from two to seven letters (as did 
the homonyms), and they fell into approximately 
the same distribution of word classes (verbs, 
prepositions, etc.) as did the homonym words. 
The use of two forms, A and B, permitted greater 
generalization of the findings, as well as greater 
control of idiosyncratic associations within sets of 
words. List form (A vs. B) was found to have 
a negligible effect, both as a main effect and as 
a source of interaction with the E and C condi- 
tions, and the two forms were collapsed for pur- 
poses of the analyses reported in the Results and 
Discussion section. 
It must be noted that the use of homonyms as 

a task variable introduces two problems with 

obdurate methodological solutions. The first 

problem occurs via the fact that the preponderance 

of homonym pairs consists of graphically similar 

words, especially in the sense that the members of 

pairs characteristically have the same initial let- 

ter. Evidence for this bias is apparent from a 

sample of 103 pairs of homonyms generated by 

randomly selecting a pair from each page of the 

reference source (Kirtland, 1968). Of the 103 

pairs, 14.696 consist of pairs with different initial 

letters. Consequently, an intrapair homonym list 

constructed from a representative sample of homo- 

nyms will contain a vast majority of pairs with 

graphically similar W and R items. On the other 

hand, both interpair homonym lists that are con- 

structed by random re-pairing of homonyms and 

control lists that are constructed by random as- 

signments of replacement words are likely to have 

pairs with graphically disimilar W and R items. 

The use of initial letters as a cue for intrapair 

discriminations is an unexplored area in VD 

learning, and the likelihood of its involvement as a 
confounding factor in homonym research is un- 
known. One solution to the problem consists of 
restricting the homonym pool and the replace- 
ment pool to words that have the same initial 
letter. This approach, however, introduces several 
complicating factors. Generalization of the effects 
of the experimental variable is necessarily limited 
to a unique subset of homonyms. Moreover, the 
homonyms ineluded in such a selection procedure 
would necessarily range greatly in word frequency 
in order to obtain a sufficient number for list 
construction, and homogeneity of list content with 
regard to the frequency dimension was deemed 
essential in the present study. For-these reasons, 
an alternative approach was taken. The initial poo! 
of homonym pairs was permitted to contain both 
identical and dissimilar initial-letter words, with 
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the latter being in the minority (6 pairs out of 
the 24). The increment in the proportion of dis- 
similar pairs over the proportion indicated by the 
prior sample (25% vs. 14.6%) permits a more 
adequate postexperimental analysis of the effects 
of initial-letter similarity. For this analysis, 
pairs in the intralist homonym condition were 
dichotomized into two categories, identical letters 
(1 — 18 pairs) and dissimilar letters (1 — 6 pairs), 
and mean error rates to criterion were determined 
separately for each category. The difference in 
mean errors per item, 19.0 and 20.5 for identical 
and dissimilar categories, respectively, was slight, 
and initial letter selection seems an unlikely major 
source of confounding in the present study. 
The second methodological problem 
the associative relatedness of some homonym word 
pairs. Consequently, intrapair W-R discrimina- 
tions for both Groups El and E2 are likely to in- 
volve implicit associative responses (IARs), with 
the extent of the involvement and the overall effect 
on W-R discriminations being a function of the 
preexperimental associative Strength. A search of 
word association norms (Bilodeau & Howell, 
1965; Bousfield, Cohen, Whitmarsh, & Kincaid, 
1961; Palermo & Jenkins, 1964) yielded norma- 
tive data for 15 of the 24 h 
in the present study. 
consisted of associativel 
associative strength). 
the maximum associativ 
the mean associative strength was 1.0%. A similar 
analysis of the lists for 
proximately half of t 


stems from 


words 
ce of confounding in 


: e anticipation method Was used, 
With a 2:2-sec. rat 


Y 1 2: € of presentation and a 4-sec. 
intertrial interval, Four different random orders 
employed for each list asa 
rning effects, 
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left in the other two orders. For any given ES 
there were two pairs representing each of the p 
possible spatial sequences across orders Ee 
right, left, left; right, left, right, left; e ee 
For each order of presentation half of the R S 
were spatially on the right, and half on the nar 
Thus the use of spatial cues for intrapair eae Ss 
nations was minimized as much as possible. The p 
in the two homonym groups were not ino 
in advance of the homonym content of the E. 
However, each S did receive two SN. od 
practice list composed of two pairs selecte de 
the alternate form (ie, Form B if S i 
Form A, etc.) of the same list condition. cis 
tice on the experimental list continued to 2 aA 
terion of 2 consecutive perfect trials or to a d a 
mum of 20 trials. The Ss were required to ma the 
selection for each pair on each trial, including 
first. free 

Attainment of criterion was followed by n 
recall task without a time limit. For this nes 
Was given a sheet of paper containing 24 vords 
and he was asked to write in as many of the P i 
contained in the list as he could remember c 
whatever order he recalled them. After $ ove! 
cated he was finished, he was asked to 8° ea 
the list of recalled words and indicate tor a n 
word whether the word had been a W word this 
R word. If S recalled additional words dure g d 
identification period, he was permitted to T 
them at the bottom of the list. 


Results and Discussion jon 
All Ss in Group C attained the py 
within 20 trials; one S in Group E cri 
five 5s in Group E2 failed to attain ue the 
terion and were assigned scores of 20 devit: 
trials measure. Means and standard and 
tions for trials to criterion were 13.25, fof 
2:97, 17.67 and 3.80, and 875 and 2-93 fhe 
Groups El, E2, and C, respectively: (2: 
between-group effect was significant, ^ on 
32) = 18.51, p< 001, as were the test) 
trasts between means (Newman-Keuls 
for Groups C and El, p < .01, GrouP eh 
and E2, p < 01, and Groups El 20". 
Means and standard deviation” ere 
total errors in attaining the criterion 74.89 
40.25 and 21.14, 50.08 and 21.40, and 2^7. 
and 12.15, for Groups El, E2, and t was 
spectively. The between-group qae, 01: 
again significant, F (2, 32) = 5.50, P £ gs 
The Group C vs. Group E2 coe 
again significant. (Newman-Keuls e con 
< 01, and the Group C vs. Group z 0 
trast approached significance, Po con” 
However, the Group E1 vs. Group 
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pM not approach significance, p> 10. 
tween à of the heterogeneity of variance be- 
Ps ne two experimental groups and the 
of ad and the skewed distribution 
also Sees W Group E1, the error data were 
(median m d by means of the mediam test 
9i ata C 31, 47, and 22 for Groups El, 
grou à respectively). The between- 
i-es was significant, x (2) — 6.00, 
Groups C 4 were the contrasts between 
both ja and El and Groups C and E2. 
El wo (1) = 4.17, p< .05. The Group 
signifi roup E2 contrast again fell short of 
ADI, x? (1) = 1.50, p > .10. 
in previously stated results provide con- 
ment hd a for the hypothesized decre- 
lyms sery. learning proficiency when homo- 
intrapair ve as W and R items, either. in 
here is i interpair. W-R relationships. 
Sis that d 80 partial support for the hypothe- 
ists tha ne decrement is greater in interpair 
interpai n in intrapair lists. That is, the 
More a operi (Group E2) required 
intrapair 8 to attain criterion than did the 
number condition (Group E1). A greater 
conditio of errors occurred in the interpair 
rors "à as well, although the difference in 
Ot rea ^s the two homonym conditions did 
e res! Statistical significance. Moreover, 
Và is Panteg inferior performance for Group 
th nost likely a conservative estimate In 
* substantially larger number of Ss in 
either ce P failed to attain criterion than in 
8 nt d other two groups. 
Was inel ed earlier, the free recall measure 
cluded as a means of detecting a com- 


Vine 


Neat k " . 
Conditi TY process present in the intrapair 
terio, 9^. only that would mitigate the dele- 


Ous 
‘tem effects of homonyms as W and R 
he free recall scores reported here 


are = 

or s J 
ad p lenient scoring system in which W 
Corre tems are considered to be recalled 


ect] 
their Y regardless of the correctness of 


s H . H 

"bsequent identification as W and R 
ing correct 
1] as item 


em 
item Stringent scores, requir 
eca "Con identification as We 

deis found to be nearly identical with 
PM st ent scores, For W-item recall, means 
7.59 dard deviations were 8.00 and 1.70, 
Nl, and 235. and 4.00 and 2.21 for Groups 
' and C, respectively. Comparable 
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means and standard deviations for R-item 
recall were 8.25 and 1.76, 8.42 and 2.06, and 
7.92 and 1.9). A 3 X 2 mixed analysis of 
variance, with list condition as the between- 
group variable and type of item (W vs. R) 
as the within-group variable, yielded signifi- 
cant main effects for list condition, F (2, 
33) = 471, p < .05, and type of item, F (1, 
33) = 68.00, p < .001, and a significant Con- 
dition X Item interaction, F (2, 33) = 
30.12, p < .001. In view of the significant 
interaction, the effect of list condition was 
tested separately for W items and for R 
items. The between-group was significant 
for W items, F (2, 33) = 12.81, p < .001, 
but not for R items, F (2, 33) <1. Mean 
W recall for Group C was significantly below 
that of both Group E1 and Group E2, ps< 
01, Newman-Keuls test, but the latter two 
did not differ significantly, p > 10, Assum- 
ing S’s awareness of the list’s homonym 
composition, the superior W-item recall for 
Groups El and E2, given an equal amount 
of R-item recall, is not surprising. That is, 
S's recall of a R item should mediate the 
recall of its homonym as well. The presence 
of such a process was tested by a probability 
analvsis which determined the proportion of 
W items recalled that are homonyms of re- 
called R items. This proportion was .97 for 
Group El, but only .74 for Group E2, a dif- 
ference that is statistically significant by the 
median test, x? (1) = 6.04, p < .02. Thus 
virtually all of the W items recalled by Ss 
in Group El were the homonym counterparts 
of recalled R items, whereas a sizable seg- 
f W items recalled by Ss in Group E2 


ment o i 
t have their homonym 


were words that did no 


counterparts recalled. 
Interpretation of the free recall data in 


terms of direct effects of homonyms on W 
and R recall is complicated by the fact that 
the total number of trials to criterion dif- 
fered significantly between the three groups, 
and the fact that recall may, in turn, covary 
with the number of trials. However, the 
within-group correlation coefficients between 
trials and amounts of both W and R recall 
suggest that trial differences are an unlikely 
source of recall differences. Only the corre- 
lation between trials and W-item recall for 
Group E2 approached significance, r (10) 
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= —.56, p < .10; for all other rs, p > 10. 
If anything, increasing trials in the homo- 
nym conditions was accompanied by reduced 
item recall. i 
The free recall protocols for Ss in Groups 
El and E2 were also analyzed by clusters of 
homonym pairs recalled successively. The 
mean number of clustered pairs was 7.42 
(SD = 3.13) for Group El and 3.67 (SD 
— 378) for Group E2. A median test indi- 
cated that the difference between the two 
distributions was significant, x (Dal 
b <.05. Absolute number of recalled pairs 
was employed in this analysis in that the 
total number of W and R items recalled was 
nearly identical for the two groups (16.25 
for Group E1 and 15.92 for Group E2), and 
clustering scores were unlikely to be biased 
by a differential availability of items qua 
items. Free recall protocols for Group E2 
were also analyzed for clusters of intrapair 
W and R items recalled successively, The 
mean was 1.33, a value close to the mean 
of Group C (1.67) for the same measure. 
Intrapair clusters for Groups E2 and C were 
also examined by a relative measure, em- 
Ploying the formula CI/N/2, 
the number of intrapair clusters ri 
N is the total 


recalled (means of 15.92 


11.92 for 
Groups E2 and 


; the disparity 
i necessity of a rela. 
tive measure that js unbiased by the total 
number of items recalled), The mean pro- 
portion was .18 for Group E2 and .27 for 
Group C, a difference that is not Statistically 
significant, x? (1) = 2.68, P>.10. The 
present results closely parallel those of Ful- 
kerson and Kausler (1969) with bidirec- 
tional word associates as W and R items, 
and they Suggest the operation of a compen- 
satory process under homonym conditions 


akin to that present under bidirectional asso. 
ciative conditions. 


EXPERIMENT II 


Exp. I. TI 
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the Wi;-R;, We-Ry’ paradigm (ie, the R 
items of List 2 bear à relationship to the R 
items of List 1, but the W items of List 2 
are unrelated to those of List 1. ue 
R,-Ry’ relationship here represents pairs 0 
homonym words. Frequency units bert 
ing to R; items during List 1 practice may * 
expected to transfer to their Ry’ gens aie 
in List 2, thereby enabling Ss to apply hs 
Rule 1 of frequency theory (always select t : 
alternative with the larger accrued ns npa 
frequency; Ekstrand et al, 1966) early i: 
List 2 practice, Thus positive transfer al 
the expected outcome, relative to a a 
condition receiving a W;-R, list (both wW 
and R items of List 2 are unrelated to the 
and R items of List 1) as List 2. 9: 
Previous research (Kanak & Dean, n ; 
Kausler & Dean, 1967) with the e et 
paradigm has revealed that the transfer el a 
is only weakly positive when the R1-Ri i 
lationship involves associatively rela e 
Words. However, Ss in these studies W y^ 
not informed in advance of the apr 
a relationship between the contents of Ds 
two lists. Instructions regarding the pos 
ence of a list relationship have been s 
viously demonstrated to be a critical fac 4 
in determining the direction and cca 
transfer for another VD paradigm, big nt 
Wi-Rs (identical W items in the two a 
but different R items; cf. Kausler, EUN. 
son, & Eschenbrenner, 1967), and ine 
tions may likewise be of great importance 
the present Paradigm, Consequently, "e 
present study included the presence-abser n 
of instructions as an additional treatme 


condition. 
Method 

j „s who 
Subjects—The Ss were 36 undergraduates e, 
were assigned in randomized blocks to 


fi ith 
groups (n=12). All of the Ss were naive sing 
respect to prior Participation in verbal lear! two 
experiments. The three groups represente E 
experimental conditions, Groups El and E ie 
ceiving W.-R,’ Lists 2, with and without ie a 
tions concerning an interlist relationship, W 


fel E" 
control condition, Group C, receiving a 
List 2. 


3 


eived 


Lists and brocedure.—All three groups rec eing 


the same List 2, with paradigmatic pae des 
accomplished by way of List 1. List2 was i in in 
to the list learned by Group C of Exp. I (aga 
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tw 
hes MA ant B). For Groups El and E2, the 
of the List 2 Ry’ itens the homonym counterparts 
Were word, x items; for Group C, the Ri items 
s selected from the Palermo and Jenkins 
three Toe The W, items of List 1 for all 
norms, with eS also words selected from the 
pairings en is items being randomly assigned to 
in Exp, I As he appropriate set of Ri items. As 
closely tel i words selected from the norms 
Word enum. the homonyms in word length, 
Class, [n anb (A and AA categories), and word 
experiment, 1 ition, the new words selected for this 
no more Ad minimal associative relatedness 
different for n 1 per 1,000) with one another. Two 
ist ]. ES A and B, were also employed for 
again bnd see the effects of list form were 
collapsed for th be slight, and the two forms were 
lith one ex c analyses reported subsequently. 
ach list was AE the procedure for presenting 
Ception wae i entical to that of Exp. L The ex- 
cedure of ha me return to the conventional pro- 
tems durin ie S verbalize his selections of R 
Practiced ate the Anticipation interval. List 1 was 
trials, a a criterion of two consecutive perfect 
35 Were owing attainment of the criterion, all 
Second list ormed that they would now have a 
Were firth to learn. In addition, Ss in Group El 
Some of th er informed that they might notice that 
' Some of Words in the new list were very similar 
trials w the words on the previous list. Five 
Ste then given on List 2. 


Re 
S 
ilts and Discussion 


Lh 
10.50, 1—Mean trials to criterion were 8.33, 
respecting 8.67 for Groups El, E2, and C 
friterio Y mean errors in attaining the 
Specta Were 2241, 28.33, and 21.08, re- 
Sroup eff * For both measures the between- 
Tg 33 €ct was not statistically significant, 
186. 3 = 1.92, p > .10, and F (2, 33) = 
Y of e -10, thus indicating the comparabil- 

ist = three groups in List 1 acquisition. 
3 n, Otal 7—Means and standard deviations 
"UV and errors across the five trials were 
and 2d L85, 1325 and 7.37, and 1262 
tively. Tor Groups E1, E2, and C, respec- 
Yas sj Although the between-group effect 
Newnan ificant, F (2, 33) = 16.34, p < 001, 
Group By Keuls tests revealed that only the 
Contr. l-Group C and Group El-Group 
has E ges were significant, p’s < 01. Be- 
‘twee, the large difference in variability 
e wi he groups on error scores, the data 
ts 5o analyzed by median tests. The 
"Dorte these analyses confirm the pattern 
Previously, The between-group ef- 


Significant, y? (2) = 25.37, p< 
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-001, as were Group El-Group C and Group 
E1-Group E2 comparisons, x*s (1) = 13.50 
and 6.04, p’s < .001 and < .02, respectively. 
However, the Group E2-Group C compari- 
son again fell short of significance, x? (1) < 
l. Finally, it may be noted that 11 Ss in 
Group El reached a criterion of two consecu- 
tive perfect trials within the block of five 
trials, as compared to 1 S in Group E2 and 
2 Ss in Group C. 


Discussion 


Although not explicitly stated in the fre- 
quency theory of Ekstrand et al. (1966), the 
theory implies that the differential response fre- 
quency to intrapair W and R items produced by 
verbalizations during practice serves as the 
functional stimulus for the instrumental re- 
sponse of selecting the right item. This func- 
tional stimulus is unreliable when homonyms 
form the items, and the theory clearly predicts 
the decrement in the learning of homonym lists 
found in Exp. I. The present results suggest 
that S is likely to abandon the use of differ- 
ential response frequency as a functional stimu- 
lus and is likely to seek instead a reliable com- 
pensatory cue as à functional stimulus. A 
likely compensatory cue is provided by the 
differential set of IARs occurring to a pair of 
homonyms. That is, a given homonym R word 
is tagged during the feedback exposure by some 
salient IAR which is stored in memory and then 
retrieved during subsequent anticipation inter- 
vals as the functional stimulus for selecting that 
given word. The present results, like the 
earlier results of the Fulkerson and Kausler 
(1969) study, strongly suggest that the tagging 
process is accomplished more readily when S is 
required to make simultaneous discriminations 
(the intrapair condition) between related words 
rather than successive discriminations (the 
interpair condition). That is, the discrimina- 
bility of IARs to homonym words is more ap- 
he homonyms are presented in 
n when they are presented 
ther words intervening. 


parent when t 
juxtaposition tha 
‘successively with o 

Positive transfer via homonyms, and the re- 
sultant use of Rule 1 of frequency theory 
(Ekstrand et al., 1966) for R-item selection on 
List 2, occurred in Exp. lI only when prior 
nation was given that alerted S to expect 


inform 
If anything, transfer 


an interlist relationship. 
without this expectancy v slightly negative. 
Interlist effects of homonyms are seemingly less 
pronounced than are intralist effects. — The 
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temporal separation of homonym pairs from 
List 1 to List 2 is likely to prevent S’s discovery 
of the relationship unless he is actively search- 
ing for a similarity dimension. The direct 
transfer of verbalization responses that have 
accrued during List 1 practice is an unlikely 
mechanism in the W;-R, W,R,’ paradigm, 
just as the direct transfer of IARs is an un- 
likely mechanism in the same paradigm when 
word associates provide the RR, relationship 
(Kanak & Dean, 1969). This finding may be 
contrasted with the pronounced Positive trans- 
fer found in the W,-Ry, Wo-Ry paradigm even 
when S is not instructed about the carry over 
of R items from List 1 (Eschenbrenner & Kaus- 
ler, 1968). The different set of IARs occurring 
to the R items in Lists 1 and 2 when homonyms 
Provide the source for transfer of verbalization 
responses is likely to be the inhibitory process 


that prevents S’s use of Rule 1 at the onset of 
List 2 practice, 
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DIMENSIONAL SIMILARITY IN CONCEPT IDENTIFICATION 
AND EXTRADIMENSIONAL SHIFTS 


THOMAS O. NELSON ! 


University of Illinois 


Ninety-six undergraduates made extradimensional shiíts when the relevant 


preshift and postshift dimensions were either similar or dissimilar. 


The 


similar dimensions were: (a) height and width (dimensions of size) or 


(b) hue and brightness (dimensions of color). 
juste of one size dimension and one color dimension. 
earning and extradimensional shifting were 


sions were dissimilar rather than similar; 
in preshiít performance and 30.8% of the 


for 13.6% of the total variance 


total variance in postshift performance. 
d to the fusion and subsequent confusion 


similar-dimensions shift was attribute 
of the relevant dimensions. 


T 
du present study had two aims: (a) to 
Preshift di ow the similarity of the varying 
identification and affects initial concept 
Similarity 5s and (b) to determine how the 
Tension 4 5j reen the relevant preshift di- 
Sion aa the relevant postshift dimen- 
Teversa] shift extradimensional, or  non- 

thane liting. 

ning 6 are, of course, many bases for de- 
two eese OH For the present study, 
When lesen are considered to be similar 
a sinet themselves can be subsumed un- 
Son (e Ste superordinate concept or dimen- 
Under E. height and width can be subsumed 


SU, s H 
Sions are or Correspondingly, two dimen- 
SUperordi said to be dissimilar when a single 


8, h inate concept is not readily available 
Se n ight and brightness are not easily 
Concept) 6d by a single superordinate 


a ea ry task in concept identification 
Lise in mination, and it is well known that 
Stimny ; nation becomes more difficult as the 
Simi]; to be discriminated become more 
Spec (Hull, 1943). "Therefore, one would 

that if the present notion of dimen- 


Similarity abides by the usual rules, 


Ap 

Dreain 

Tder, Winton is expressed to William IT Batch- 

"la “Ph L, lam E. Kappauf, Thomas T rabasso, and 
nication Olff for their generous suggestions an 


to Thomas 


Or reprints should be sent to - 77 
University 


. SO! 
ingjs " Department of Psychology. 
' Urbana, Illinois 61801. 


The dissimilar dimensions 
Both original 
easier when the relevant dimen- 
dimensional similarity accounted 


The increased difficulty of a 


concept identification during original learn- 
ing should be easier when the varying dimen- 
sions (ie., potentially relevant dimensions) 
are dissimilar rather than similar. 

Also, the similarity between the relevant 
preshift dimension and the relevant post- 
shift dimension may affect the ease of an 
extradimensional shift (EDS). Consider 
the following “fusion-confusion” hypothesis 
and assume that the EDS is between similar 
relevant preshift and postshift dimensions, 
such as height and width. If these two di- 
mensions are fused into the superordinate 
size, then size is partially relevant (to the 
degree that height is relevant) during pre- 
shift. Following the shift, size becomes par- 
tially irrelevant (to the degree that height 
becomes irrelevant). | However, if width 
is to become the relevant postshift dimen- 
sion, then size must also be partially relevant 
at the same time as it is partially irrelevant. 
This anomaly should be confusing to S until 
he reaches the point where he effectively 
separates size into width and height. Notice 
that S can avoid this confusion if instead of 
selecting width for testing, he selects. a dis- 
similar dimension such as Aue. The fusion- 
confusion hypothesis predicts that, other 
things being equal, S will select dimensions 
for testing that are least similar to the rele- 
vant preshift dimension. Only after ex- 
hausting all dissimilar dimensions should 
similar dimensions be selected. Also, if the 
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coniusion is great enough, 5 may formulate 
unnecessarily complex (e.g., conjunctive) 
hypotheses to test. Thus, the fusion-confu- 
sion hypothesis implies that a dissimilar- 
dimensions EDS should be easier than a 
similar-dimensions EDS. 


METHOD 


Stimuli —Each stimulus card was white and had 
an inverted T in its center. The bars making up 
the inverted T were .75 in. wide. The inverted 
T could vary on the following five binary dimen- 
sions: height of the vertical bar (HT), width of 
the horizontal bar (WD), hue (HU), brightness 
(BR), and presence or absence of a .5-in. white 
dot (a dimension that was always irrelevant). The 
values for the four relevant dimensions were: for 
HT, tall —4 in. or short =2 in.; for WD, wide = 
4 in. or narrow =2 in; for HU, red or brown: 
for BR, light or dark. The stimulus cards were 
grouped into six sets. Each card set varied on only 
three dimensions, two of which were relevant and 
the third was the irrelevant dot dimension (all other 
dimensions were held constant). Two of these 
card sets had similar varying dimensions : (a) HT 
imensions of size) and (b) 
e dimensions of color), The 
c ad dissimilar varying dimen- 
sions: (a) HT and HU, (b) HT and BR, (c) WD 
and HU, and (d) WD and BR. Since each of 


levels neste! 
varying dimensions; and (d) 
four levels 
ction. The 
Thus, e.g., for two 


nested within each dimensional shift dire 
design was replicated twice, 

Ss the positive preshift and p 
within HT WD, nested 
, nested 


1t dimensions. 
letely symmetrical except that 


hile 64 Ss m 
Each S saw 


1 t ards, depending on wh; i 
of varying dimensions he had. i ieee 


The presentation order of 


RRORS DURING PRES 


Varying dimensions 


8 
E 
N 


HU = BR| BR —HU 
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HT and WD 


HT v» WD —HT 


I 


1.19 


1.45 


Measure 


X for dimensional shift direction 


X for dimensional similarity type 


X for dimension pair 


x or e wi positive presl hift values, = iN shift v: ithin dimensional shift direction, 
s ive preshift and postshift values nested w 
shift and postshift values, MS = .338; for positi 
\ogelN + Xy. For Ss nested within 


Nore—K 


MS = AM. 


SIMILARITY OF DIMENSIONS IN EXTRADIMENSIONAL SHIFTS 


eee negative instances of the concept was 
(1933) = or all Ss and followed a Gellerman 
were Moia iaia The first two stimulus cards 
had seen peu of cach other, insuring that S 
of the pre Puy of each dimension by the end 
the EDS i trial The first stimulus card after 
if S res, diced aye! so that an error would occur 
sis, The nc Er in accord with his preshift hypothe- 
in, Vértieal f s were shown from behind a 16 x 28 
opening iberboard screen, which had a 6 X 6 in. 
guillotine-type base that could be blocked by a 
nam bonc. door on E's side of the screen. 
required > the preshift and postshiít phases, S was 
Correct a reach a criterion of eight successive 
Preshift dm Any S who failed to reach the 
to be a ve Een within 50 trials was considered 
curred en camer and was replaced. . (This oc- 
BrOup, tw only five Ss, two in the wide — short 
in the | Wo in the narrow — short group, and one 
brown — wide group.) 


RESULTS 


"ein the number of errors essentially 
Ta pe the number of trials to criterion 
or bot] ), only the error data are reported. 
m d 1 the preshift and the postshift error 
ated he means and variances were corre- 

© Therefore, logarithmic transforma- 
resl E applied prior to the analyses. 
bnie log errors were analyzed ina 

Correan hierarchical analysis oi variance 

Vicus]! onding to the design discussed pre- 

Values, The positive preshift and postshift 
long nested within dimensional shift direc- 

Wide dl the preshift means for tall —^ 

Snar ad — wide, tall — narrow, and short 

Were 1077 all are nested within HT WD) 
x S. not significantly different, F (36, 48) 

Nested y The dimensional shift directions 

Shift within dimension pairs (e.g. the pre 

boty, "ens for HT — WD and WD» HT; 

Ks nested within HT and WD) were 

Signig nificantly different at conventional 

pc hcance levels, F (6, 36) = 236, .05 < 

Shoup} *. However, this variable was close 

the ©? to significance to warrant reporting 

tach st number of preshift log errors for 

Showy Mensional shift direction, which 1s 


Neste in Table 1. The dimension pairs 
the within dimensional similarity 


tions we 


(e.g. 
and peshift means for HT and WD. and HU 
Vary) both are nested within the similar- 
hig, ot dimensions category) Were not sig- 
Cenin different, F (4, 6) = 85. Con- 

the variable of major interest, pre- 
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shift concept identification was more difficult 
when the relevant dimension was similar, 
rather than dissimilar, to an irrelevant vary- 
ing dimension, F (1, 4) 2 858, p< 05; 
dimensional similarity accounted for 13.6% 
of the total variance in preshift performance. 

The significant differences in preshift per- 
formance could have been due to either 
dimensional similarity or to inherent S dif- 
ferences that may have survived the random 
assignment of Ss to conditions. If inherent 
S differences were systematically biasing 
the results, a high correlation between Ss’ 
preshift and postshift performance would 
be expected. However, the correlation be- 
tween preshift and postshift log errors 
showed no evidence for inherent S differ- 
ences as an explanation for the results (r — 
.045). Also, to the degree that this correla- 
tion is near zero, the preshift and postshift 
analyses may be regarded as yielding inde- 
pendent information. 

The postshift log errors were analyzed in 
the same manner as the preshift data. The 
mean number of postshift log errors for each 
group, down to the level of dimensional shift 
direction, is shown in Table 2. There were 
no significant differences between the posi- 
tive preshift and postshift values nested 
within dimensional shift directions, F (36, 
48) = 1.17. Differences between dimen- 
sional shift directions nested within dimen- 
sion pairs were also nonsignificant, F (6, 
36) = 40, as were the differences between 
dimension pairs nested within dimensional 
similarity, F (4. 6):—.39. The variable of 
primary interest, dimensional similarity, was 
highly significant, F (1, 4) 212851, p< 
001; the similar-dimensions EDSs %vere 
more difficult than the dissimilar-dimensions 
EDSs. The dimensional similarity variable 
accounted for 30.8% of the total variance 
in postshift performance. 


DISCUSSION 


The advantage of dissimilar dimensions ower 
similar dimensions during the preshift phase 
suggests that dimensional similarity has a sig- 
nificant effect on initial concept identification. 
Because similar dimensions may be psycho- 
logically fused into a single superordinate con- 
cept, $ may have trouble differentiating them 
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when he is formulating hypotheses to test (cf. 
the fusion-confusion hypothesis discussed pre- 
viously). There is no such dimensional fusion, 
and therefore no differentiation problem, when 
the varying dimensions are dissimilar. l 
The fusion-confusion hypothesis was induc- 
tively supported during the postshift phase : 
similar-dimensions EDSs were more difficult 
than dissimilar-dimensions EDSs. Interest- 
ingly enough, postexperimental interviews of the 
similar-dimensions Ss (e.g., HT-WD) yielded 
reports such as, "T wasn't sure what was hap- 
pening because at first the big one was the 
concept but later it was the wide one." In this 
case, the superordinate size, in place of the 
actual relevant preshift dimension height, may 
have given rise to confusion during the EDS 
(cf. Kendler, Kendler, & Sanders, 1967, p. 121). 
When the relevant preshift and postshift dimen- 
sions have a common superordinate, S must 
eventually abandon the superordinate level and 
instead identify the concept at the subordinate 
level ; partitioning the Superordinate into its 
subordinate components is prerequisite for a 


ordinate level. 
Notice that the fusion-co 


olated from the convention 
of conceptual shifti 


shift is easiest when 
postshift values are medi 


preghift and postshift dimensions are themselves 
“mediated” by a sin 
Such an extrapolation implies that a similar- 
dimensions EDS would be easier th 
similar-dimensions EDS, which clear] 
the case in the present study, 


here is no necessity to interpret the present 
findings solely within the fr 


of dissimilar dimensi imi 


sions might be €xpressed in terms of cue sali- 


TABLE 2 
MEAN NUMBER OF Loc Errors DURING POSTSHIFT 
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MS x,552. 


Note.—XK =logeY. For Ss nested within positive preshift and postshift values, 


MS =.413; for positive preshift and postshift values nested within dimensional shift direction, 
a ued * 


nma 


SIMILARITY OF DIMENSIONS IN EXTRADIMENSIONAL SHIFTS 


“nce, particularly as it affects the attending re- 
B S in the "searching for a dimension 
a Saga An overgeneralized attending 
fram would be disadvantageous in the simi- 
€nsions situation. 

en and Weir (1966) and Downing 
sens ave shown that knowledge of Ss’ 
ips ratic dimensional preferences is use- 
ich ee concept identification SUCCESS. 
5 n R-R relation could be coupled with 
Present S-R relation in order to maximize 


ee predictability of concept identifica- 

lavior. 
Fue who investigate concept identifi- 
"irgt ee EDSs should be wary of two pitfalls. 
Or ir mu ipii, constructs. such as size 
Siona] should not be confused with unidimen- 
sions mir Second, the various dimen- 
assumed er investigation should not always be 
Worse ae be psychologically orthogonal; even 
" tai lé possibility may be overlooked that 
imensi of orthogonality, as in the similar- 
lons situation, can be a determinant of 


Conce " : 
Pt identification behavior. 
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ROLE OF FEEDBACK STIMULI IN 


DISCRIMINATION AN 


RESPONSE 
D DIFFERENTIATION: 


EDWARD J. RICKERT ? 


University of New Mexico 


T wo roles of feedback stimuli were assessed b; 
nsfer of disi 


comes of feedback against the tra 
stimuli. Three groups of four rats 
gradual and abrupt—and a 
Ss using feedback of 


Response-produced-cue theory commonly 
ascribes two roles to feedback stimuli, One 
role of these inferred events is to guide en- 
suing behavior; feedback from previous re. 


or; impending 
sponses may 
among them, 
importance as. 
-8 Hull, 1930) 


and the Paramount significance they have 
recently acquired in learning theories (e.g., 
Miller, 1963; Mowrer, 1960) 


, the paucity 
feedback Suggests 
ental support, 
Tesponse has been 
owing that instru- 
either facilitated or 


of data concerned with 
that they 
Typically, 
indirectly indexed by sh 
mental behavior may be 
interfered with when a classically condi- 
tioned stimulus Previously associated with 
the response sustaining the behavior chain is 


to the Gradu 
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ments for the PhD 
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m D iller, 
Peesented (Estes, 1948; Shapiro x the 
1965). Shapiro and Miller questione 


the 
Presumptive evidence of 


identifying 
mediationa| 


te 

I chain in this way because P o 
ing that one response (R4) mediates an pro- 
(Re) requires demonstrating that ud 
vides the necessary and sufficient ME voi: 
2. This condition can be met only 1 Juce 
trol is exercised over the feedback qune 
by Ri. In Short, a paradigm must d o 
the same experimental ape sae 
feedback that are possible with iW was 
stimuli. The Purpose of this researc d 
(a) to evaluate the two roles peri 
feedback stimuli py denang pano 
which control the temporal eee 
Tésponse-produced stimulation. and CH t 
adduce evidence for aa aa 
theory by showing that responses me ment 
by feedback exhibit the same one ae | 
that are observed when those response 
controlled by external stimuli. stim- 

The particular property of external sen 
uli chosen to render a comparison be nsfe 
external and feedback stimuli was Pending 
of discrimination, which refers to the fit 21- 
first reported by Pavlov (1927, PP: pation 
23) that learning a difficult discrimtr n an 
may be facilitated by initial training un 
easier discrimination along the same i 
tinuum, 


i | 


"ere 
re we 
The two experiments reported her dien è 
performed to determine whether tra 
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Eia; 1. 


effect. 
d oo to those for external 
feedback an be shown for the two roles of 
SXperime, nage previously. The first 
isctiminati was concerned with response 
or ation; it permitted Ss to use feed- 
Select, Previous responses as cues for the 
experimen other responses. The second 
; Pending” by permitting Ss to use the 
ferent p g feedback from quantitatively dif- 
those ple to mediate selection between 
T erentis Onses was concerned with response 
thes pi tri The distinction between 
Sequengi o Ments rests upon the temporal 
stimulation of potential response-produced 
More on this distinction is developed 
. Respo Y in the following section. f 
tion, nse discrimination and diferentia- 
ne f Onsider a response chain consisting 
Spon; ollowed by Ra and Rẹ. For the re- 
Ning, CISCrimination procedure, a predeter- 
SXte naj ration of R, causes the onset of 
id se] a signaling termination of Be 
oh e [es between Ra and R». uh 
The © durati responses is correct p i 
R © Presur ion of Ry preceding the signal. 
ar ned basis for selection between 
ng H is then the distinctive feedback 
tom different durations of Rs 


149 


R.—-S" 


ARR? 


Schematic representation of response discrimination. 


Since these feedback cues are available before 
the choice is made, it may be considered a 
discrimination based on preceding behavior. 
In short, response discrimination is when the 
organism selects what to do next on the basis 
of what he has already done. 

By contrast, response differentiation re- 
quires a selection of a duration on either Ra 
or Ry depending on which of the two is 
signaled as the correct response. That is to 
e duration is required if Ra is to be 
reinforced and another duration is required 
if Ry is to be reinforced. Whereas in re- 
sponse discrimination, external stimuli serve 
to terminate Rx and enable choice between 
Ra and Rn on the basis of what has already 
transpired, in response differentiation, the 
external stimuli indicate both which re- 
sponse, Ra or R,, is next to occur and the 
duration of Ra or Ry necessary for that re- 
sponse to be reinforced. Accordingly, feed- 
back from Ra or Ry is at best available con- 
currently, and more reasonably, after the 
choice is made. In short, response differen- 
tiation is when the organism selects what to 
do now on the basis of what he is going to do 


say, on 


later. 
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Two distinctions between these situations 
should be emphasized. First, feedback from 
R, as the relevant cue is available to guide 
selection of ensuing responses in discrimi- 
nation, whereas it occurs coincident with 
response selection in differentiation. Sec- 
ond, although the organism controls selec- 
tion and initiation of response in both situa- 
tions, response termination is controlled by 
an external stimulus in discrimination and 
by the organism in differentiation. 


ExrERIMENT I 


Transfer of response discrimination.—In 
order to study the role of feedback stimuli 
in guiding ensuing behavior, an operant con- 
ditioning box containing three bars was 
used. The middle bar corresponds to R, in 
the preceding discussion, while the two side 
bars correspond to R, and Ry. The pro- 
cedure is schematically represented in Fig. 1. 

Each trial began with a response to the 
middle bar (Rm). After a predetermined 
time period, cue lights (Cr, and Cr) ap- 
peared above both the left (Ri) and right 
(Rr) bars. If the duration of Rm preceding 
the cue lights was short (rs), the left bar 
Was correct. If the duration of Rm was long 
(rz), the right bar was Correct. Presum- 
ably, the basis for the choice was the differ- 
ential feedback produced by the response 
duration on the middle bar (ss and sr, in 
Fig. 1). 

The hypothesis based on the notion that 
feedback stimuli obey the laws of external 
stimuli was that a difficult response dis- 
crimination benefits from initial training on 
an easy response discrimination. ^ Ease of 
discrimination in this context was presumed 
to depend on the size of the difference be- 
tween the short and long durations of Rm. 


Method 


Subjects —The Ss were 12 female rats of Long- 
Evans stock from the breeding colony of the Uni- 
versity of New Mexico. The Ss were approxi- 
mately 100 days old at the time the deprivation cycle 
was Imposed. They were housed individually with 
water freely available and received a daily mainte- 


nance diet of 12 gm/day immediately after being 
run 


Apbaratus.— The ex 


perimental chamber was con- 
structed by Lehigh 


Valley Electronics and mea- 
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" A 1 
sured 10X 11 x 12 in, The o chen 
housed three bars with indicator lig Í dui ds 
above the left and right bars, The middle das 
mounted directly above a 13 X 14 X2 in. € e 
ceptacle into which a single 20-mg. ner n 
pellet was delivered as reinforcement. The from 
bar had a distinctive shape, size, and mounting co 
the side bars, All events were controlled by MOST 
mercial programming equipment; responses 
recorded on impulse counters. Tpoexperis 

poo ed to assignment to their Ee 
mental conditions, Ss were (a) trained to d die 
differentially to the cue lights associated wed ta 
side bars when presented singly, (b) req dott 
press the middle bar to produce cue onset ra s 
over one or the other side bar, and (c) ri ar 
progressively longer durations on the ne 14 sec 
beginning with .2 sec. and terminating with as 
During Stage c of pretraining, Ss were n ee 
depress the middle bar for 2 sec. to proc al 
cue. On each succeeding day an addio 
sec. requirement was imposed until Ss could is n 
the cue only after depressing the middle bor dura- 
sec. Each S completed 100 trials/day on each cared 
tion value. The entire pretraining period red 
20 days, as” 
Design.—The design called for the — a 
signment of four rats to each of three gre anser 
gradual transfer group (G); an abrupt H) 
group (A); and a hard discrimination iae A easy 
The Ss in Groups G and A were begun on ra- 
problem: after a response of predeterminet ons! 
tion (either 2 or 12 sec.) on the middle par pars: 
of the indicator lights occurred over both ae Í 
Since light onset occurred over both bars, resum 
basis for deciding which side bar to press duce 
ably resided in the differential feedback PT Each 
by the response duration on the middle bar. specific 
of the two durations was associated with a right, 
bar, e.g., 2-sec. press durations meant EO t, 
and 12-sec, press durations meant “8O Grou? 
Durations of .6 and 8 sec. were imposed COD r- 
from the beginning, again with each dam pars: 
related for any given S with one of the E Ss 
To counterbalance Position preferences, relatio" 
in each group encountered the opposite cor 
between duration and side bar. trials at 
After Groups G and A had received em appa 
100 trials/day, 50 to each duration, and br rou? 
ently achieved asymptote on the easy tas ta 
G was shifted to an intermediate problem. 400 
durations of 4 and 1.0 sec. for an additio! gine 
trials. Group A continued on the easy tas 
12 sec.) during this phase. ifted to the 
Both the G and A groups were then shi navel an 
difficult problem and all three groups rece 
additional 800 trials on the hard task. 


the 


Results 


5 
ive block 
Percentage of choice for m hoic 
of 100 trials is shown in Fig.2. The he 


" ing 
measure was determined by summ 
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O 
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= 
z 
W 
Q 
t 
n. 5 

1 NE NUR r5! 15 T 20 
BLOCKS OF 100 TRIALS 
iminati i f training conditions. 
F. R i ination curves as a function o 
“(Gaps Mie a shifts in condition by one or more transfer groups.) 

amber The crucial question of whether initial 

T of correct r ses over both Ra Th 1 f whether E 
and i for DE “on (100 trials/day), 50 training on an easier o ce noui im 
trials to ea h b e. E ial was termi- proves performance on a difficult discrimina- 
sued quere ien diem tion above that for Group H is reflected in 


Onse by a press to either Ra or Rp after = 
When y e occurred when S pressed Aa 
asin ay Was programmed or R» when Ra 
rect 1 effect (e.g., 50 — correct R, = incor- 
mU 50 — correct R, — incorrect Ra). 
vay ian plication of Krusal-Wallis analysis si 
on by ranks revealed a significant nea 
trial is between groups over the first eigh 
dig, locks, H (2) 2985, p< 008. This 
dupes that Ss discriminating between 
trip OMS of 1.2 and .2 sec. learned that dis- 
dise mation more rapidly than 5s required to 
minate between .6 and .8 sec. 
12) "© Second set of data points (Blocks 9- 
Afta, Gets the performance of the groups 
ite TOup G was shifted to the intermedi- 
As “ndition, ie., duration of .4 and 1.0 sec. 
be seen, this condition produced only 
€cline in Group G’s performance 
9 Group A. 


the set of curves from Blocks 13-20. The 
apparent superiority of the transferred 
eroups was tested by a Krusal-Wallis analy- 
sis of variance on each S's mean overall 
choice score summed over the last eight 
trial blocks (see Table 1). The analysis 
ealed a significant effect among the three 


rev 
groups, H (2) — 5.89, p < .05.  Post-hoc 
comparisons (Mann-Whitney U Tests) were 


made to determine which of the groups 
differed from one another ; the test indicated 
that the difference between G, A, and H 
arose from the transfer groups' practice on 
the easier discrimination, U (8, 4) =2, p 
< 016. These comparisons indicate that 
response-produced stimuli guide ensuing be- 
havior in much the same way as external 
stimuli in the sense that they share the 
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TABLE 1 


MEAN CHOICE Scores FOR Ss IN THE GRADUAL, 
: ABRUPT, AND Harp GROUPS SUMMED OVER 
Last EricT TRIAL BLOCKS 


Score 
Cond. 
S1 | S2 S3 | S4 
68.2 61.8 59.1 67.5 
CHE RENE | Sa 
Hard 55.6 58.2 45.1 54.4 


property of facilitating transfer of discrimi- 
nation. 


EXPERIMENT II 


Transfer of response differentiation.—The 
purpose of Exp. II was to determine whether 
the learning of a difficult differentiation may 
be facilitated by initial training in an easier 
differentiation. Tf feedback presumably gen- 
erated concurrent with responding obey the 
laws of external stimuli, then comparable 
phenomena should be obtained. 


Method 


Subjects. —The Ss were experiment 
male rats of Long-Evans stock, 
from 90 to 100 days, obtained from 


ally naive, fe- 
ranging in age 
the same source 


as that used in the 
Procedure.—The Ss were (a) pretrained to re- 
spond differentially to the cue lights associated with 
the side bars when Presented singly, (b) required 
to press the middle bar to produce cue onset ran- 
domly over one of the other side bars, and (c) 
shaped to progressively longer minimum duration 
on the side bars beginning with .2 sec, and ter- 
minating with 1.4 sec. Each S had by the twenty- 
first day of training completed 100 trials on the 
1.4-sec. value, 
Design.—As in Exp. I, Ss were randomly as- 
signed to a G, A, or H group, four Ss to each 
group. The Ss in the G and A groups were 
placed on the easy differentiation ; a press to the 
middle bar Produced the onset of an indicator light 


over only one of the side bars. Light onset served 
to inform S 


SS within bands of 2-4 
resulted in reinforcement), 
Rx only served to initiate 
Selection of the incorrect bar, the bar 


1e light, had no effect on 
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that trial. Since no external stimulus was available 
to signal S to terminate the response, the mese 
basis for his decision resided in the impending feed- 
back available at best coincident with bar reien 
When durations were imposed on the side bars, only 
two events were designated as “responses : pa 
release must have cither exceeded the prescribe 
band or it must have occurred within the ban 
If S released the bar before the timer activate! 
the lower limit of the band, the cue light rm 
on and that trial remained in force. This procedur 
attempted to obviate the differential effects of de < 
of reinforcement. Delay in the present case p 
to the delay inherent in the response itself, i.e., 3 
duration of that response. Each of the two no 
was associated with a specific bar, e.g, .2-4 RES 
correlated with the right bar and 12-14 Sen 
correlated with the left bar. Durations of .6-8 m 
and .8-1.0 sec. were imposed ou Group H is 
the beginning. Two Ss in each group enpounten i 
the opposite correlation between band and side oi 

After Groups G and A had achieved stability io 
the easy task (1.400 trials at 100 trials/day, 5 3 
cach bar), Group G was transferred to an EH 
mediate condition with bands of 4-.6 and 1.0-1.2 5 se 
for an additional 400 trials. During this ur 
Group A remained on the easy task (.2-4 Ns ult 
14 sec.) and Group H remained on the diflic 
task (.6-8 vs. 8-1,0 sec.). sier 

To determine whether experience on the €a en- 
tasks facilitated the learning of a difficult dier, 
tiation, Groups G and A were then shifted to aii 
difficult problem and all three groups received 
additional 800 trials on the hard task. 


Results 


The performance of the three different? 
tion groups over the entire course of tanna 
is shown in Fig. 3. This graph apt 
the tota] percentage frequency of correct pl 
sponse duration combined for the two all 
sponses. It is clear by inspection that me 
SToups improved and hence achieved SO is 
degree of response differentiation. jid 
also apparent in Fig. 3 that the groups : 
not differ appreciably during the first 
sessions, IT. (2) = 19, p= ms. Í the 
glance, this result is surprising since me 
more widely separated bands should i dd 
prise an easier differentiation. Closer hat 
spection of the data, however, suggests t to 
the hard task was indeed more difficult ce 
differentiate, but was an easier pee to 
task. "That is to say, Ss could learn on FÉ 
differentiate one response duration betw' in 
6 and 1.0 sec. and receive intermittent ai i 
forcement on both bars for this larger iue 
Width response. This solution would res 
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o 
8 3 
= ee us 


?0 
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BLOCKS OF 100 TRIALS 
i ini ditions. 
Fic. 3, Response differentiation curves as a function of training con 
(Gaps in am represent shifts in condition by one or more transfer groups.) 
H . H n. 
tna bout 50% reinforcement when the short ually increasing the = of orem e 
i ince the procedure required them to 
505, Yas required and somewhat more than presses since pro 
iie reinforcement when the long band was reach the lower limit of the band to termi- 
uir E 
ofh €d, the latter because of the procedure natea trial. 


dura i Tminating a trial when the response 
bang ^^ did not reach the lower limit of the 


tt Mdication that Ss in Group H failed 
be g en wnntiate between the durations may 
: res in Table 2 by examining the number 
"et oes made before selecting either a cor- 
Which Mcorrect response, ie. the presses 
Vile, j tiled to terminate the trial. The 
a Dr in Table 2 represent the mean number 


es, 4 
Ry cithe to each band before the selection 


ate tte a correct or incorrect response. 
t oss QUU were calculated by summing 
Sal S Within each group over successive 
Op pees hat Ss in 
NUS - Table 2 shows tha 

a averaged 76.6 presses on the short 
ME pes ing the 
ly five on the long band during 

i RS i sue 
s hout 151088, and little change en 


By contrast, inspection of Table 2 for 
Group G provides clear evidence of differ- 
entiating response durations. Although 
Group G shows a similar pattern of respond- 
ing with 16.5 presses to the short band and 
134.9 to the long band during the first 5 days 
of training, a shift to the difficult task pro- 
duced an average of 114.1 presses to the 
short band and 72.4 presses to the long 
band even during the last four transfer ses- 
sions. The reversal in the number of 
presses on the two bands indicates that Ss 
in Group G emitted response durations more 
appropriate to the earlier condition. This is 
to say, durations shorter than those required 
on the short band and longer than those 
required on the long band were obtained 
after the transfer to the difficult task. A 
similar effect was also observed for Group A 
after its shift. 

A comparison of the performance of 
Groups G and H in Table 3 in terms of per- 
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TABLE 2 


MEAN PRESSES (BAR RELEASE) ON THE Two BANDS 
"^ BEFORE SELECTION OF CORRECT OR INCORRECT 
RESPONSES SUMMED OVER SUCCESSIVE 
TRIAL BLOCKS 


Cond. 
Trial Gradual Abrupt Hard 
blocks 
Ts TL Ts TL Tg TL 
- 16.5 | 134.9 | 30.1 | 137.5 | 76.6 94.1 
iio 31.1 | 148.5 | 51.7 | 163.1 | 79.6 | 123.7 
11-14 | 57.2 | 125.5 | 50.1 | 144.1 | 89.0 | 126.3 
15-18 | 53.3 | 63.4] 50.1 | 116.2] 91.4 | 142.6 
19-22 | 108.3 | 41.8 | 164.3] 60.7 | 82.5 | 134.1 
23-26 | 114.1 | 72.4 | 149.5 | 60.9 | 80.8 116.4 


Note.—Subser: 


ipts attached to r's denote short (rs) and long 
(r1) durations. 


centage of correct responses suggests that it 
was indeed easier for Group G to differen- 
tiate the widely separated bands as well as 
those between more similar durations. 
During the initial five sessions, Group G 
achieved 24.4% correct on the short band 
and 48.2% correct on the long band, a differ- 
ence presumably resulting from the shaping 
procedure which initially rewarded relatively 
long responses. Prior to their first transfer, 
short-band performance had improved to 
46.7% and their long-band performance to 


75.9%, an outcome that could not be 
achieved without clear differentiation of both 
bands, a: 


nd their terminal performance on 
the difficult task showed 70.2% correct on 
the short band and 77.6% on the long band. 
In contrast, S's in Group H averaged 39.4% 
correct on the short band and 41.5% cor- 
rect on the long band over the first five 
sessions and gradually improved to 51.9% 
correct on the short band and 62.3% cor- 
rect on the long band by the last 4 days 
of training, Only one S in Group H did 
better than 50% correct on both bands, 
which would provide clear evidence of dif- 
ferentiating between them. 

This last resul 
Blocks 19-26 an 
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TABLE 3 


3 SSE: | THE 
MEAN PERCENTAGE OF CORRECT Resta see oN 
Two Banps SUMMED OVER SUCCESSIV 
TrIaL BLOCKS 


Cond. " 

ui | ^ Gradual Abrupt | Hard 
TS TL rs TL rs t 

| 

5 
1-5 | 24.4 | 482 | 33.6 | 42.6 | 394 13 
6-10] 42.8 | 69.4 | 43.4 | 54.2 | 504 Lei 
11-14 | 46.7 | 75.9 | 56.6 | 464 | 54.0 pur 
15-18| 51.4 | 74.2 | 61.4 | 52.6 | 53.6 rA 
19-22 | 62.6 | 82.6 | 35.6 de ane 623 
23-26 | 70.2 | 77.6 | 48.8 8 | S19 | 


nd Ions 
Note.—Subscripts attached to r's denote short (rs) a7 
(rz) durations, 


3 s 
groups summed over the eight trial plode 
on the difficult task; the difference amo? 
groups was significant, H (2) = 8.56, frat 
016. — Post-hoc comparisons revealed be 
the significant source of variance X 
attributed entirely to Group G: G vs. zi 
(4, 4) = 1, p < 029; G vs. A, U (4,4) þe- 
p < .014; while there was no differen? 4) 
tween Groups A and H: A vs. H, U ( may 
—6,p-— ns. This last result, however, ent 
reflect the use of the stringent requirem A 
of including the early trials when ora 
suffered a severe transfer decrement, 


o 
terminal performance being somewhat & 
Group H. 


Discussion 


The results of the 
strate that infer 
obey one of the 
tive stimuli; 
task may fa 
task. 


two experiments imul 
red response-produced P oce?" 
laws familiar with exter eas 
namely, that training on aicut 
cilitate learning a more Jeva” 
Using response duration as the vp was 
feedback dimension, response discrimination the 
defined as selecting ensuing behavior s on 
basis of available feedback stimuli; traini rning 
widely separated durations facilitated ui 
to discriminate more similar durations. . ren” 
the same response dimension, response F ga 
tiation was defined as emitting the correc” git’ 
tion on the basis of exteroceptive stimuli; sated 
ing on widely separated durations fac lat 
learning to differentiate between more nstralt 
durations. These results appear to de ticie 
that response-produced stimuli are a $ nd C” 
basis for selection of both ensuing ? 
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incident behavior, and the results are thus con- 
Pim with the roles ascribed to these inferred 
on 2 a variety of contemporary learning 
Sheff s (eg, Miller, 1963; Mowrer, 1960; 
held, 1966). 
= w mM remains as to how to account 
Ps die erence in performance between the 
iba ransfer groups in the two experiments. 
uli eie: is that since exteroceptive stim- 
sumabl xp. I controlled bar release, they pre- 
the ae enhanced the distinctiveness between 
condi, durations. This is to say, altering the 
tr seg in Exp. I immediately informed the 
chan ism of the change; the lack of any external 
that e in the differentiation experiment meant 
stimuli continued to emit response-produced 
a lon oe PpropTiate to an earlier condition for 
ases x period. The necessity to change be- 
Süpert or its associated feedback without the 
of external stimuli probably accounts 
arger transfer decrements obtained with 
i auferentiation groups. Moreover, since the 
E, Chal training on Trial Blocks 15-18 in 
8roups required the gradual differentiation 
Ose e to produce feedback more similar to 
rupt countered on the difficult task than the 
tion rie oups, the training enabled generaliza- 
the hanisms to exert a more powerful effect 
Sponsipi gradual groups and is probably re- 
stabli for the difference between them. 
dition i ishment of feedback as a sufficient con- 
üvior : directing ensuing and coincident 2 
Tesponge PPorts a molecular analysis yh 
monter, tos IM & St als 
at the 1 OA molecular anal ysis à 
Ced sti Characteristic “feel” of response-pro 
and ere feeds back into on-going behavior 
Stim; CS it in much the same way as external 
+ COncepti he research reported here supports 
M the Ption of response which is closed-loop 
beh Fon ne that an organism selects specific 
arisin Fa because it discriminates the stimuli 
Ag P Tom the act of emitting those behaviors. 
"spon ler implication of this approach is that 
Subse 58 differentiation may be subsumed as à 
fingi 9f stimulus discrimination; the sole dis- 
loq, ^^ between these classes of events is the 
internal or external) of the cue con- 
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troling behavior (Notterman & Mintz, 1965). 
Nevertheless, some closed-loop formulations 
posit an identity between the response and its 
feedback (Mowrer, 1960) and, consequently, 
cannot account for response initiation, An 
equally plausible alternative to a "molecular" 
analysis which obviates the problem of response 
initiation is a dynamic, linear model. It 
assumes an organism capable of continuously 
monitoring its behavior over time so that it 
decides to continue or terminate responding on 
the basis of preceding response-produced stim- 
uli, Further, since the results establish that 
preceding and impending feedback are sufficient 
for the selection of different responses, the 
linear model implies that response differentia- 
tion is a special case of response discrimination, 
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DISCRIMINATION LEARNING AS A FUNCTION 
OF PRIOR DISCRIMINATION AND 
NONDIFFERENTIAL TRAINING? 


KENNETH O. ECK, RICHARD C. NOEL, Ax» DAVID R. THOMAS? 


University of Colorado 


Four groups of pigeons were given variable interval (VI) training to a 


vertical (90°) white line in Stage 1 of the experiment. 


For two of these 


groups (true discrimination, TD; and no-line control, NLC), a 60* line was 
alternately presented and responses to it were extinguished; a third group 
(pseudo discrimination, PD) was equally reinforced for responding to both 
lines; a fourth group (single-stimulus control, SSC) experienced only the 


vertical. 


In Stage 2, all groups were trained to discriminate between two 
successively presented wavelengths, with a 
on each (except in the case of NLC). 
the wavelength discrimination equally rapidly and si 
than the PD and SSC groups, which did not differ. 


white vertical line superimposed 
The TD and NLC groups mastered 
gnificantly more rapidly 

At this point, the SSC 


group was dropped and the other three groups retrained under the original 
condition (Stage 3). Then, in Stage 4, Ss learned a brightness discrimination 


in which, for TD and PD groups only, 
Again the TD and NL 
significantly superior to the PD gro} 
discrimination training facilitated t 
discrimination independent of the first. 
previously positive line angle affect th 
Suggesting that “attention” to one stimulus di; 
necessarily detract from attention to others, 


both values. 


Many investigators (e.g., Honig, 19693, 
1969b; Reinhold & Perkins, 1955; "Thomas, 
1969; Thomas, Freeman, Svinicki, Burr, & 
Lyons, 1969) have demonstrated that suc- 
cessive discrimination training along one 
stimulus dimension sharpened gradients of 
generalization measured along orthogonal 
stimulus dimensions which were either pres- 
ent but irrelevant during training or were 
experienced later. This sharpening has been 
measured relative to both single-stimulus 
and  nondifferential training conditions. 
Thomas (1969) argued that discrimination 
training produces a “general attentiveness” 
Or a set-to-discriminate which is not specific 
to the training dimension, but rather is ap- 
plied to others as well, A direct implication 
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author. These results were reported at the meet- 
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the vertical line was superimposed on 


C groups performed equally and were 
up. Thus in two different situations, 
he subsequent acquisition of a new 


In neither case did the presence of the 


e mastery of the new discrimination, 


mension (line angle) does not 


n t 

of this conceptualization is the prediction (e 
discrimination training will facilitate the d 
sequent acquisition of a second discrimi” 
tion which is orthogonal to the first. 
major purpose of the present study n 
test this prediction by first training pige J 
to discriminate between two line angles als 
then noting transfer of training to a pae tt 
nation involving two wavelengths. A Stn 
quent test involved a discrimination betwe 
two brightness values, audi 

A secondary purpose of the present ps 
was to test the assumption taken a 
various stimulus selection or selective at dm 
tion theories (cf. Lawrence, 1950; Mackie 
tosh, 1965: Sutherland, 1964; Trabasso ne 
Bower, 1968) that the more S attends s 4 
aspect of a complex stimulus, the ii 
(necessarily ) attends to others. This test tio! 
accomplished by comparing discrimine 
performance in the wavelength prelo. c 
two groups of Ss both of which had rece the 
identical training to discriminate oF toa 
basis of line angle. For the true disc itive 
nation (TD) group, the previously pos 
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DISCRIMINATION LEARNING AFTER PRIOR TRAINING 


GROUP STAGE STAGE STAGE STAGE 
X Ir I Iv 
TRUE OEC 
DISCRIMINATION (TD) SAME © (D 
VII/2 ex VI2 ext VIV2 ext 
NO-LINE polee! © 
CONTROL AS 
VIV2 ext VIV2 ext 1 VII/2 ext 
nee | D D| @ m| © ® 
ATI 
ON(PD) VI/2 VIV2 | y1V2 ext I VII/2 ext 
ext — ext as 
ceSLE-STIMULUS D 6B H — 
N 
TROL VI 1/2 VIV2 ext 
ext d e^ 
Fic. 1. Schematic representation of the conditions used in the experiment. 
Verti 
sec. of access to a tray of mixed grain. On the 


TET . 
the oe stimulus was superimposed on 
Wavelengths; for the no-line con- 
n trained DP it was not. Since 5s had 
Asis of) li 0 attend to (i.e., respond on the 
TD s ine angle, it could be presumed that 
etrine Would continue to do so, to the 
tion ont of their wavelength discrimina- 
erformance E 


been n 


4 METHOD 


Kog. Vere 

Way k foes In-line display cells fitted with 
tiven “ngth Rose filters No. 74 and 99 provided 
wi "Kogimuli of 538 and 555 mu reso 
tengi! and n neutral density filters. (No. 9t 
NN vhi density provided two different 1n- 
t White light. The display cells also 


Were 1 
Proceg Sed in the display cells. 
ep , Study į procedure employed in, the 
te Stainin $ schematically represented in Fig. 1. 

itch P. the 70-75% weight level, 10 birds 
tandomly assigned to the TD, pseudo 

(PD), and NLC Groups The 
! control (SSC) group was run 
S irds were assigned to this group- 

tl Was given magazine and key-peck 

'e first day. Reward consisted of 3 


— ihe 


‘Ss received 50 continuous reinforce- 
ext 3 days, Ss earned 30 rein- 
forcements per day on a gradually lengthening 
temporal interval, such that by the end of the 
third day, a variable interval 1-min. (VI-1) sched- 
ule was in effect. During this preliminary train- 
ing, the white vertical line on a black surround 
was continuously present on the response key. 
Stage 1.—Stage 1 of training was begun on the 
sixth day. During this and subsequent stages, 
Ss received daily training sessions of 30-min. 
duration in which stimulus-on periods of 50-sec. 
separated by 10-sec. blackout 


next day, 
ments. Over the n 


duration were 3 
periods. The TD and NLC groups were given 
discrimination training with randomly ordered 


presentations of the white vertical line (S+) and 
the 60? line (S—). During discrimination train- 
ing there were three blocks of 10 stimulus presen- 
tations each per day, and within each block, S+ 
and S— were each presented five times. Re- 
ed on a VI- schedule during 
S+ periods only. Discrimination training was 
continued until S had met the criterion ratio of 
10 responses to S+ for each S— response for 3 
days in a row. 

Also during Stage 1, the PD group experienced 
the same sequence of the two training stimuli as 
did the TD group, but the stimuli were not corre- 
lated with the reinforcement contingency. For 
half the time (determined on a random basis), 
the VI- reinforcement schedule was in effect 
during presentations of the vertical line, and for 


sponses were reinforce 
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reinforcement accompanied the 60? 
e omen S was matched with a TD S and 
its training continued until that TD S had reached 
DO SU group was presented with only the 
vertical white line during its .stimulus-on periods, 
for half of which the VI-4 reinforcement schedule 
was in effect; for the other half (determined ran- 
domly), no reinforcement was available. Each S 
in this group was also matched with a TD S. 
One-half oí the Ss were given single-stimulus 
training until the TD S had reached criterion ; the 
other half of the Ss were given single-stimulus 
training for one-half the time required for the 
matched TD S to reach criterion. 

Stage 2.—During Stage 2, the TD, PD, and 
SSC groups were given discrimination training 
with 555 ma as S+ and 538 mg as S—, with the 
vertical white line superimposed on both stimuli. 
Responses to S+ only were reinforced on VI-3 
schedule, The NLC group was also given dis- 
crimination training with 555 mp as S+ and 538 
mp as S—, but the vertical line was never superim- 
posed on either stimulus for this group. In Stage 
2 (and again in Stage 4), the criterion used was 
a single block of 10 trials during which there were 
more than 10 S+ responses to each S— 


response. 
Stage 3.—Followin: 


g completion of Stage 2, TD 
and NLC groups were returned to the Stage 1 


discrimination between the white vertical line 
(S+) and the white line tilted at 60° (S—). Re- 
sponses were again reinforced on a VI-4 schedule 
during S+ periods only, Discrimination training 
was continued until S had met the original cri- 
terion of 10 S+ Tesponses to each S— response 
for 3 consecutive days. Following completion of 
the Stage 2 discrimination, PD Ss were returned 
to nondifferential training between the vertical and 
tilted lines, each PD S being matched with a TD 
Ly Training continued until the TD S had 
reached the criterion. Thus Stage 3 was a repeti- 
tion of Stage 1 for three of the four groups. The 
SSC group was dropped after Stage 2. 

Stage 4.—The TD, PD, and NLC Ss were re- 
quired to discriminate between two stimuli differ- 
ing only in brightness. The dimmer value (S+) 
was produced by illuminating the light behind the 
-40 neutral density filter; the brighter value (S—) 
was produced by simultaneously illuminating the 
lights behind the .40 and the .10 filters. For the 
TD and PD groups, the vertical white line (pre- 
vious S+) was superimposed on both stimuli and 
was clear]. 


y visible (to the human eye). For the 
NLC Eroup, the white vertical line wa: 


superimposed on either brightness value. 

Subjects —The Ss were 42 experimentally naive 
domestic pigeons maintained at 70-75% of their ad 
libitum weights, During the course of the ex- 
periment, severa] S's became ill and were discarded, 
Nine TD, 9 PD, 12 SSC, and 10 NLC Ss com- 
pleted Stages 1 and 2. Nine TD, 6 PD, and 9 
NLC Ss completed Stages 3 and 4, Twelve Ss 
were placed in the SSC condition (rather than 10) 


Ss never 
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to provide a better comparison of dis alpin in 
two amounts of single-stimulus training in E 
and to allow for possible S loss through et 
No such loss occurred, and thus 12 single Se 
lus S's had to be matched to 9 TD Ss. Five in 
Ss received as much training as their (rendom. 
matched TD partners; 4 received half an 
sessions as their partners. The remaining MT 
Ss were matched to the mean of the TD B IE 
2 received half as many sessions, while the 
received the mean number. 


RESULTS 


Stage 1.—In Stage 1, the TD and NEC 
groups gradually mastered the line angle cris 
crimination task. The TD group met 
terion in a mean of 11.5 sessions (including 
criterion sessions) ; for the NLC group, ups 
sessions were required. These two P 
also performed approximately compar 
over the entire course of the acquisition y 
the discrimination. The PD group, kn to 
other hand, continued to respond equally 2s 
the two line angles. All four BEP, 
sponded with approximately equal ral 
the vertical line stimulus at the en 
Stage 1 training. 


; st 
Stage 2.—The data of greatest ie 
of course, are those obtained from Ste ur 
and 4. In Stage 2, for three of the first 
groups, no Ss met criterion during the ta 
nine blocks of 10 trials and so oa the 
were plotted to this point. Two Ss} For 
NLC group met criterion on Block 6. Block 
these Ss, the data points obtained on te of 
6 were used as a conservative cape 
what performance on Blocks 7, 8, ? data 
would have been. These estimated ns O 
points were included in the computat and 
the values plotted in Fig. 2a, 2b, and 4^ 
in the associated analyses of variance pta 
Figure 2a presents the mean peres. sut 
of total responses emitted in the p” g dui 
of the S-- stimulus by the four Broni i the 
ing the first nine blocks of 10 trials ted at? 
Stage 2 discrimination. Values plots per 
group means calculated from individu LC 
centages. As can be seen, the TD ee in 
groups show a more rapid improve sse 
performance than do the PD an rese 
groups. It can also be seen that the P tage 2 
of the previous S+ stimulus during itio 
has virtually no effect on the acquis 
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(a) 


(b) 


MEE 


E 
i 


MEAN NUMBER OF RESPONSES TO 555 ma (S*) 
gE gg 
E E 


a 
T 


MEAN PER CENT OF TOTAL RESPONSES TO 555 mp (S+) 


$ 


38 ma (5-) 
8 


SES TO 5: 
$ 


8 


ESPON: 
$ 
m 


6o 
2 
S209 
so d s 
/ 5 ES 
1 
sol- oe Diso | oo TRUE DISCRIMINATION Zl 
poesie pcenis e" O-----O PSEUDO DISCRIMINATION gol 
+ &— =à SINGLE STIMULUS CONTROL. &—-—o SINGLE STIMULUS CONTROL 
6----9 HO-LINE CONTROL SO  €—-—9 NO-LINE CONTROL j- 
ne aa op po 
J 
inate Le TE 6 
(TION. TRAINING IN BLOCKS. DISCRIMINATION. TRAINING IN BLOCKS 
OF TEN TRIALS OF TEN TRIALS 
Fig, 2 
- Comparison of: (a) mean percentage of total responses to 555 mu (S+), (b) mean number 


of re 
+ CSpo: cc 
trials a to 555 ma, and (c) mean number of responses 
during Stage 2 for the four groups of Ss. 


the diss. 
1 discrimination, since the curve for the 
of he TD" is essentially the same as that 
group. Similarly, the PD and 
ues show essentially the same per- 
the two $ Indicating that experience with 
haq lido ul in Stage 1 for the PD group 
In Stage y any effect on their performance 


n 
Dercen 


Ween- 


analysis of variance performed on the 
age data yielded a significant be- 
b « erous difference, F (3, 36) = 15.84, 
“omparabl Since the groups all started at a 
Ene m € level, this indicates group. differ- 
Practice, performance as a function of 
r " 
Anca ped index of discrimination perform- 
Wireg able was the number of trials re- 
e TD, reach the discrimination criterion. 
d and NLC groups required means of 
Po E 55.00 trials, respectively. Corre- 
Were 104 means for the PD and SSC groups 
Weit -44 and 115.00. Because of hetero- 
ys us of variance, a log transformation 
Yie] in "i With analysis of variance then 
gdt shag (936) = 15.52, p < 1, 
MC ig be remembered that Ss in the 
a Broun? Were matched to those in the 
M 3 es and six of these Ss were traine 
tj ltireg ina Sessions as the paired TD Ss 
Th; Other si reach the Stage 1 criterion, and 
is \,. SIX received half as much training. 
done because there were two 


as 


to 538 ma (S—) over nine blocks of 10 


equally plausible ways to match the SSC Ss 
with the others in Stage 1: (a) in terms of 
total training time (number of sessions), and 
(b) in terms of training time with the verti- 
cal line stimulus. The use of both pro- 
cedures (with half of the Ss in each) per- 
mitted their subsequent comparison. The 
most obvious comparison is simply between 
the half of the Ss which received the most 
Stage 1 training and the half which received 
the least. As could be expected, the former 
subgroup responded somewhat (although 
nonsignificantly) more to both wavelength 
stimuli, particularly during the first few 
sessions of Stage 2 training, but the two sub- 
tirely comparable in percent- 
age of total responses to S+ and in mean 
trials to criterion. Thus absolute level of 
responding in Stage 1 and in Stage 2 does 
not appear to be related to the rapidity of the 
acquisition of the wavelength discrimination. 

The differences in performance illustrated 
in Fig. 2a could reflect a more rapid in- 
crease in response rate to S+ for the TD 
and NLC groups, a more rapid decrease in 
response rate to the S— stimulus for these 
two groups, or both. To select among 
these alternatives, response rates to the two 
training stimuli were analyzed separately 
over the nine blocks of trials. 

Figure 2b presents the mean number of 
the S+ stimulus for the four 


groups were en 


responses to 
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groups over the nine blocks of trials during 
Stage 2. The SSC and NLC groups had a 
considerably lower rate of response to S+ 
on the first block of trials than did the other 
two groups, but beyond this point group 
differences were negligible. In the NLC 
group, the lowered rate may simply be gen- 
eralization decrement as a consequence of 
the removal of the line, which was present 
in prior training. Half of the Ss in the SSC 
group had received only half as much VI 
training as did their matched partners in the 
TD group, which explains why the mean re- 
sponse rate in this group would initially be 
lower than the others. There is, unfortu- 
nately, no obvious explanation of the precipi- 
tous dip in response rate to S+ in the PD 
group in Block 7. 

An analysis of variance performed on 
these data yielded a significant trials effect, 
F (8, 288) = 20.86, p < .01, anda signifi- 
cant Group X Trials interaction, F (24, 288 
= 2.64, p < 01, but no significant overall 
group differences (F < 1). 

Figure 2c presents the mean number of 
responses to the S— stimulus over the nine 
blocks of trials for the four groups during 
Stage 2. An analysis of variance performed 
on these data showed a significant group ef- 
fect, F (3, 36) = 13.24, P < 01, as well as 
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a significant trials effect, F (8, 288) — 56.81, 
b <.01, and a Group X Trials interaction, 
F (24, 288) = 5.07, p < .01. The precy 
analyses indicate that the performance aa 
ferences exhibited among the groups in Pie 
2a are primarily a function of a more Ee 
extinction of responses to the S— stimulu 
on the part of the TD and NLC groups. iie 

Stage 3.—ln Stage 3 of training, PD 
Stage 1 training conditions of the TD, $5 
and NLC groups were reinstated. The a 
quickly resumed their prior levels of j^ 
formance under these conditions. On Ad 
first day of Stage 3 training, the TD s di 
NLC groups emitted approximately 907 
total responses to the vertical line t 
whereas the PD Ss responded equally i 
both line angles. The TD group cd 
a mean of 4.88 sessions to reachieve id 
terion, compared to 3.55 for the NLC Lap? 
Response levels to the two line angles W F 
also comparable to what they had bee? 
the end of Stage 1. EE: 

Stage 4—To present a group piet 
performance in Stage 4, it was possib S in 
include data from only six blocks of 10t oup 
ing trials each. Two Ss in the TD E el 
met criterion in Blocks 2 and 3, respect re 
and data for the remaining blocks Y 
estimated for these Ss. 


aD, 
won 
soo- 97 "ss 
Row 
t ~ 
D 450| 
r s Fi oN 

/7 E o—e TRUE DISCRIMINATE oN 
Z E400 G—---o pseupo DISCRIMI 


iL 
€——o NO-LINE CONTR 


F- g 3 B 5 B 


MEAN NUMBER OF RESPONSES TO S- 
$ 


aan "AA 4 

QN RM mo m SUE 

DISCRIMINATION. TRAINING _! 
OF TEN TRIAL‘ 


LocK? 


u 

, ean OY ix 

1 responses to the S+ intensity, Ne 2 
ber of responses to the S— intensity e conti 
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Figure 3a presents the mean percentage of 
total Tesponses emitted in the presence of the 
S+ stimulus by the three groups during the 
first Six blocks of 10 trials for the Stage 4 
discrimination, ^ Values plotted are group 
Pafs calculated from individual percent- 
oe Again the TD and NLC groups show 
us it Tapid improvement in performance 
would oes the PD group, and the difference 
hus seem to be greater than in Stage 2: 
bri mx the 1 D and NLC groups learned the 
m ness diserimination so rapidly that ap- 
ede ee 60% of total responding was 

we to S+ on the very first block of 10 


trials s " 
— The performance of the PD group in 
ge was extremely poor, hovering 


a 40% of total responses to S+ for 
time $ Sessions, This reflects both the 
Boon in feeding and pauses of a few 
5 which typically followed | feeding. 
Course, neither of these occurred to inter- 
Was dur pecking during S— periods. As 
Previon in Stage 2, the presence of the 
9n th US S+ stimulus has little or no effect 
and © Performance of Ss since the NLC 
‘tne Joy groups show approximately the 
evel of performance. 
eren sis of variance performed on the 
di age data yielded a significant group 
erence, p (3 


Meraction, F (10, 105) = 
of ped and NLC groups required means 
hie and 42.22 trials. respectively, to 
` the 10/1 S+/S— discrimination 
The PD group needed a mean of 
eg Because of heterogeneity of vari- 
‘Ubgeg 08 transformation was used, with a 
(2, 21) ct analysis of variance revealing F 
5 2 993128 p< 01. 
huy tre 3b e die the mean number of 
Ero "Ses to the S+ stimulus for the three 
dari 5 Over the first six blocks of 10 trials 
na Re the Stage 4 discrimination. An 
Shower of variance performed on these data 
S lnc" Significant trials effect, F (>. 105) 
it ' P< 01, but no significant group 
"ud: Group X Trials interaction. 
M the differences exhibited in the per- 
data are not a function of an in- 


e H 
Ds lon, 


sald 


creased rate of response to the S+ stimulus 
by the TD and NLC groups. 

Figure 3c presents the mean number of 
responses to the S— stimulus for the three 
groups over the first six blocks of 10 trials 
during the Stage 4 discrimination. An 
analysis of variance performed on these data 
showed a significant between groups differ- 
ence, (2, 21) = 22.10, p< 01, and a 
significant trials effect, F (5, 105) = 6.48, p 
< .01, but no Group X Trials interaction, F 
(10, 105) = 1.65. There was considerable 
within-group variability in the data plotted 
in Fig. 3b and 3c, such that in neither case 
was there a significant Group X Trials in- 
teraction. What is most important to note 
about Fig. 3b is that by the end of train- 
ing, the three groups did not differ in level 
of responding to the S+. As shown in Fig. 
3c, however, the groups differed in level of 
responding to the S—, even in the first block 
of 10 trials. On this basis it may be con- 
cluded that again (as in Stage 2) the per- 
formance differences between the TD and 
NLC groups, on the one hand, and the PD 
group, on the other, are a function of the 
less rapid extinction of responses to S- 


in the latter group. 


DISCUSSION 


These results are entirely consistent with 
the proposition that in comparison with single- 
stimulus and nondifferential training, extra- 
dimensional discrimination training produces a 
state of general attentiveness, such that the 
formation of a subsequent discrimination 
orthogonal to the first is facilitated. It should 
be emphasized that the line angle training di- 
mension used in Stages 1 and 3 was orthogonal 
to the dimensions of wavelength and bright- 
ness used in Stages 2 and 4. The line angles 
were equivalent in wavelength (both were 
white) and in brightness, with the possible ex- 
ception of of unsystematic differences due to 
aging and replacement of bulbs in the different 
chambers. 

The superficial similarity of these findings to 
those ascribed to the formation of discrimina- 
tion learning sets by Harlow (1949) is so 
obvious that it seems appropriate to point out 
some basic differences. Unlike a typical learn- 
ing set experiment, in the present study suc- 
cessive discrimination training was used rather 
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than simultaneous, and substantial training was 
given on a single problem, rather than a little 
training on a great many. The magnitude 
of the obtained facilitative effect seems com- 
parable to that produced in primates by ex- 
perience with a very great number of prior 
problems. 
The data from Stage 2 suggest that the 
observed effect was due entirely to an en- 
hancement of the performance of the discrimina- 
tion-trained groups; the PD group behaved no 
differently from the SSC group. This finding is 
in agreement with that of one of the experi- 
ments reported by Thomas et al. (1969) in 
which the generalization gradients of Ss given 
extradimensional TD training were reliably 
steeper than those of PD and SSC Ss which, in 
turn, did not differ. The results obtained in 
Stage 4, however, suggest that PD training 
can have an inhibiting effect. Although there 
was no SSC group with which a direct com- 
parison can be made, it should be noted that 
while the TD and NLC groups required fewer 
trials to reach criterion on the Stage 4 (bright- 
ness) problem than they had on the Stage 2 
(wavelength) discrimination, the PD group 
required more than three times as many. Fur- 
ther research would be needed to determine 
whether an inhibiting effect of PD training 
cumulates after two different PD experiences, 
occurs with some stimulus dimensions but not 
with others, or is unreliable altogether. On 
the other hand, the results of Stages 2 and 4 
agree in suggesting that the major benefit of 
prior discrimination training is a more rapid 
extinction of responses to the subsequent S—. 
Finally, it should be noted that there was no 
significant difference in the performance of the 
TD and NLC groups in either Stage 2 or 
Stage 4 of the present study. Yet there is no 
reason to doubt that having been trained to 
respond on the basis of line angle, the TD Ss 
would continue to attend to this stimulus (at 
least at the outset) in Stages 2 and 4. It 
must be concluded, therefore, that attention paid 
to line angle does not detract from attention 
paid to wavelength or brightness. This find- 
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ing contradicts a basic assumption of € 
attention theory that a negative relationship 
must attain between attention paid to one e 
ulus aspect and attention paid to others. 3 
though there is ample evidence to suggest t 
such a negative relationship can exist (C 5 
e.g, Mackintosh, 1965; Trabasso & Pd 
1968), it is becoming increasingly clear 
this is not invariably the case. 
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VERTICAL EYE MOVEMENT AND SPACE PERCEPTION: 
A DEVELOPMENTAL STUDY j 
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Children varying in age and intelligence viewed electroluminescent lamps in 
an arc of 10-90? without head movement in a dark room. When identical and 
equidistant lamps were presented in pairs, the higher lamps were judged 
smaller and more distant than the lower lamps. Visual space is apparently 
altered with eye movement in the vertical plane. 


Alt 
Bit hough nearly equidistant from O in 


horiz : a * 
le sun n and vertical viewing planes, 
arger a 4 moon is generally perceived as 
hor; "d nearer when viewed on the 


hori 
9625" R Kaufman and Rock (1962a, 
taime; oek & Kaufman, 1962) have 
iei, aa ental support for an ex- 
Century eS earns by Ptolemy in the second 
Primari] Te the illusion is said to be 
Presence f ependent on the absence or 
Cpteq ar. terrain. Although generally ac- 


planation considered the most consensual 
nent sc; On by a number of historically emi- 
190 M eroe (Helmholtz, 1925; Reiman, 
Cntirg mith, 1738), the issue has not been 
Teasone resolved for a variety of cogent 
(1962) discussed by Wallach and Boring 
Since 
o ja the illusory effect has been obtained 
Which ri d of experimental situations in 

deren cues were excluded or minimal 
Sn, pes Taylor, & Thor, 1964; Kam- 
chur, TA ; Leibowitz & Hartman, 1959; 
eq ative] 5; Thor & Wood, 1966), it may 
wt is Y be concluded that the illusory 
dte perc general characteristic of human 
ha aa pidi and not restricted to the 
tee e "s of viewing the moon or sun. 

3 the €sent experiment was conducted to 

relative visual distortion in four de- 
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velopmental populations when equidistant 
visual stimuli were viewed at varying eleva- 
tions, permitting eye movement and restrict- 
ing any head movement. 


METHOD 


Subjects —Three groups of normal children of 
varying ages and a group of retarded adolescents 
were tested. See Table 1 for group characteristics. 

Mental age (MA) and chronological age (CA) 
were both considered in view of a report by Leibo- 
witz and Hartman (1959) describing a greater 
effect in children than in adults. A 
retarded group was also included in order to 
determine whether level of intelligence affected the 
illusion. Boys and girls were equally represented 
in all groups. 

Apparatus and procedure —All Ss with the ex- 
the kindergarten group were screened 
for binocular, far visual acuity with a Bausch and 
Lomb ortho-rater. Only Ss with Snellen equiva- 
lents of 20/40 (uncorrected) or better were in- 
cluded. One kindergarten S and two retarded Ss 
normally wore glasses; due to possible distortion 
of stimuli through lenses or írames of the eye- 
glasses, they were not worn during the experi- 
ment All Ss were also screened for understand- 
ing of the following concepts: larger, smaller, 
nearer, farther, top, and bottom. Two sizes of 
rubber balls in varying positions were used. Each 
S was required to state the appropriate relation- 
ships when questioned. Three retardates and 27 
kindergarten children were dropped from the ex- 
periment and replaced due to failure to understand 
the requisite concepts. 

After screening for visual acuity and conceptual 
ability, each S was led blindfolded into a light- 
proof testing room, seated in a lounge chair with 
back tilted at a 45° angle, and carefully positioned 
so that the eyes were equidistant from visual 
targets located on a curved Masonite surface in a 
90? arc from horizontal to zenith. The surface was 
61 cm. wide and 213 cm. from the eyes of O. 
When the apparatus Was placed on a table, the 
counterweighted surface extended over S as a 


cantilever. 


illusory 


ception of 
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TABLE 1 
CHARACTERISTICS OF GROUPS 


cdam N |Meanio| sp | Mean | sp 
i 32| — — | &59| .78 
dr 32 | 109.25 | 8.87 | 11.08 | .38 
Equal CA 32 | 113.88 | 11.09 | 16.91 | .32 
Retardates 32 65.78 7.95 | 15.59 | 1.66 
Note.—IQ scores for the kindergarten group were not 
available. 


Targets were circular electroluminescent panels 
(Sylvania) subtending 1°32’ and 0°41’ of visual 
arc (58- and 24-mm. diameters). Operated at 50 
v. ac and 60 Hz., these lamps produced a uniform, 
diffuse blue light with a peak spectral luminosity 
at 410 mp and brightness of .2 mL. measured at 
the surface. The centers of the larger targets were 
located at 10°, 30°, 50°, 70°, and 90° from the 
horizontal; smaller targets were centered at 20°, 
40°, 60°, and 80° elevation. 

After removal of the blindfold, each S was pre- 
sented with the 10° and 90° targets and asked to 
position his head so that he could see both targets 
by moving only his eyes. The primary position 
was therefore approximately 50° elevation, which 
allows distinct vision of targets at 10° and 90° 
according to Taylor and Boring (1942), 


It was 
necessary for S to move his eyes to compare any 
two targets. 


An elastic band was then placed over 
his forehead, and E placed a hand on the head- 
band to detect any subsequent head movement. 
A second E in an adjoining room operated a 
switching console Presenting paired targets for 


5-sec. exposure and recording verbal responses of 
S. The task was to look at two illuminated targets 
and report the larger, smalle: 


, the la r, farther, or nearer 
target by indicating "top" or "bottom." Half of 


the Ss in each group were given one size fellowed 
by one distance instruction; the other half received 
the opposite order. 
There were thus eight combinations of instruc- 
tions and order: larger-nearer, larger-farther, 
smaller-nearer, smaller-farther, nearer-larger, far- 
ther-larger, nearer-smaller, and farther-smaller. 
Larger and smaller response instructions were 
counterbalanced, as were response instructions to 
nearer and farther. Order of size and distance 
judgment was also counterbalanced, with two 
orders of 10 test pairs presented for each response 
condition. Following five training trials to 
familiarize § with the task, S responded to the ex- 
perimental trials under size or distance instruc- 
tions. He then received the alternate instructions, 
five training trials, and the experimental trials. 
Each S made a total of 48 responses, 24 to size and 
24 to distance (4 lie items and 20 test items in 
each condition). In cases of indecision, S was re- 


quested to “guess.” Intertrial interval 


was 
approximately 5 sec. 
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Presentation of two randomized orders of ker 
possible pairs of the five larger discs were € 
with interspersed lie items. A lie item Wa be 
of the small targets paired with one of the la: E 
targets. Failure on lie items resulted in rar 
and replacing one equal-CA, two equal-MA, 
retarded, and five kindergarten Ss. 


RESULTS 
All test trial responses in the pens 
direction, i.e., lower target nearer and p^ 
or upper target farther and smaller, en 
tabulated. No significant differences Y e 
found among order, size instruction e 
smaller), and distance instruction (nea col- 
farther). Therefore, the data were 
lapsed across these variables. were 
Reliability measures within groups ents: 
computed for size and distance judgm 
Since each of 10 possible comparisons © sell 
five test stimuli (large discs) were repe?" 
a tabulation was made of the mide e 
agreements for each comparison. ur 
mean ¢ tests were then computed to ¢ nifi" 
mine if agreement was beyond chance sig 1l 
cance within groups and vg rete N^) 
eight t values (4 groups x 2 instruc dicat" 
were highly significant (5 « B. s 
ing that within groups and instruction? 
were consistent in their judgments. tect D 
Single-mean ¢ tests for illusory € ute 
sex, instruction, and group were poi i 
(collapsed across the 10 stimulus con wert 
sons) : Of the 16 tests of significance, e at 
significant at p < .001, 2 at p < 01, ane is. 
b < 05. Of the remaining, 3 were m ificant 
ally significant (p < .10). Won E ia in 
(p 2.10) illusory effects were obta ips n 
retarded and kindergarten female Er les n 
size judgments and equal-MA ye wert 
distance judgments. When the = t 
collapsed further across insect d 
tests were highly significant (P € ‘ pinde"; 
was significant (p < .05), and 1 (e á 
garten females) was not signis. chat 
30). The preceding analyses Jue coup? 
the illusory effect was obtained in al im et^ 
by males and females (excepting iie nd 
garten females), and with both $ 
distance instructions. : " 
A 4 x 2 X 2 analysis of variance W* rouP 
formed on the individual scores. 


ef^ 
on 


-€—— 


DEVELOPMENTAL STUDY OF THE MOON ILLUSION 


ena LU ias variables were not sig- 
significa he Groups X Sex interaction was 
gen F (3, 120) = 5.42, p « .01. 
ance — one-way analyses of vari- 
males b € computed for males and for fe- 
tif ey, Soups. Males did not differ sig- 
m F ewe the females did, F (3, 
Tange test A X 005. A Duncan multiple- 
lemonstrati that the equal-CA females 
illusory ie significantly more (p < .05) 
Ded ce Cee females, who 
all of who; er from the retarded females and 
Tom the a Herd significantly (p < .05) 
igure E i. ergarten females. 
illusory eR displays the relative extent of 
nificant a by groups and sex. The sig- 
Seen ag a. X Groups interaction can be 
obtaineg nimatily due to the lack of illusion 
urthe y kindergarten females. 
sn analyses were made to investigate 
Y anal bus of target elevation. A one- 
alysis of variance was computed for 
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d Was Toportion of trials (1 = 640) that re- 
(ad s dat ; in the illusory direction by group 
thor äl Indergarten, equal-MA, equal-CA 
n deo €$—solid bar, females—hatched bar). 
Sy Via ashed line indicates significant posi- 
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Fic. 2. Proportion of trials (12512) that re- 
sponse was in the illusory direction by angle of 
separation for each of the 10 possible pairings of 


the five test stimuli. (Data collapsed over groups, 
sex, and viewing instruction. Significant, p < .05, 
positive deviation from chance mean indicated by 
horizontal dashed line, ordinate value of .543.) 


target separations of 80°, 60°, 40°, and 20°, 
collapsing data across sex, groups, and in- 
structions. A significant difference was 
found, F (3, 508) = 10.67, p < .001, and a 
Duncan multiple-range test revealed that 
80° > 60° > 40° (P< 05) and that the 
40° and 20° comparison did not differ in 
contributing to magnitude of illusion. 

Three two-way analyses of variance 
(Groups X Elevation) were computed for 
60°, 40°, and 20° separations to examine 
significance of elevation of paired targets. 
The two 60° separations (10-70° and 30- 
90°) differed significantly, F (1, 124) = 
10.78, p < 001; the three 40° separations 
(10-50°, 30-70°, and 50-90°) differed sig- 
nificantly, F (2, 248) = 3020, p< .001; 
and the four 20° separations (10-30°, 30- 
50°, 50-70°, and 70-90°) differed signifi- 
cantly, F (3, 372) = 18.95, p < 001. None 
of the within-group comparisons nor any 
of the interactions were significant. 
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The significant elevation comparisons are 
described in Fig. 2. With the exception of 
the 30—50? comparison, it can be seen that 
the illusory effect is greater when the target 
comparisons are closer to the zenith, regard- 
less of the extent of separation. 

No significant differences among groups 
negate intelligence, chronological age, and 
mental age as significant variables in the 
present study. An overall sex difference and 
instructions for responding to size and dis- 
tance may also be considered nonsignificant 
variables in the present investigation. 


Discussion 


The present design does not exclude experi- 
ential variables as contributing to the distortion 
effect since previous viewing experience and 
expectation of ceiling height were not con- 
trolled, Epstein (1967) has claimed that 
suggestions of distances involved can influence 
visual perception in reduced cue situations. 
Since kindergarten boys do experience the 
illusion comparable to older boys, experiential 
variables would appear to have slight influence 
after 5 yr. of age. In the present investigation, 
the discrepant behavior of kindergarten girls 
may be attributed to fear of the dark room or 
an apprehensive reaction to strangers in an 
unusual situation. 

The results appear inconsistent with those of 
Leibowitz and Hartman (1959), who reported a 
greater reduction of the zenith object by 
children. They interpreted their results in 
terms of the development of size constancy, i.e., 
the children's rate of development of size con- 
stancy is slower in the vertical than in the 
horizontal direction. Their results, however, 
are not necessarily in conflict with the present 
results, Leibowitz and Hartman required their 
Ss to make size judgments of distant objects, 
outdoors and indoors. It is possible that in 
their indoor condition the cues to depth were 
sufficient to permit size constancy to occur. 
That condition resulted in less of a difference 
between the youngest and oldest S than their 
outdoor condition. The present cue-deprived 
environment revealed no differences. There- 
fore, it is possible that size constancy is influ- 
ential in a full-cue situation, but diminishes as 
cues are reduced until no cues remain, where- 
upon eye movement is sufficient to cause the 
illusory effect. This explanation would also 
be consistent with Holway and Boring’s (1941) 
explanation of the reduction of size constancy. 
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With reference to previous work relating a 
constancy to chronological age, several ee 
gators (Beyrl, 1926; Frank, 1926; Zeig e 
Leibowitz, 1957) have claimed that in full-cue 
situations, size constancy develops. until "n 
proximately 10 yr. of age, when it is eque ia- 
that of adults. Considerable individual Ms 
bility exists, and the results may be somew te 
confounded with task instruction. More eit 
cently, Bower (1965) has found fhzeeeis i 
sional size constancy in infants 40-60 day A a 
A more definitive study than the present e 
require a comparison of reduction and nonr s ii- 
tion of cues, a range of viewing Hane 
cluding distances 10 or 20 times greater, Ten 
greater range of mental and chronologica ation 

The present work in a laboratory am so- 
serves to further validate the claim that e 
called moon illusion effect can be pro nes 
without the moon, terrain, or multitude o E 
sociated cues present when experiments cues 
conducted outdoors. The addition of dept? 
apparently intensifies the effect. 1962): 

According to Rock and Kaufman pee 
"Eye-elevation does not account for e elev 
illusion (nor, for that matter, does hea d that 
tion) [p. 1031].” They have also reporte e 
a terrain is critical for the illusory € Semon 
that only a minute illusory effect may be p the 
strated in a completely dark field. Althoug on 
present data fail to support their positio lief 
the moon illusion, they do support an €^ pis 
Position taken by Boring (1943) a? a the 
students: "this phenomenon depends Up pot 
physiological properties of the observer 20^ ^ , 
upon physical factors external to Bi of 
[p. 56].” And also, “It depends on rais! 
lowering the eyes [p. 59].” 

Of major importance is the fact th ye 
visual space perception appears to vary m d 
movement in the vertical plane. gata 
distance judgments reveal that the P en €^; 
object looks smaller and more distant W®® of 

ü 
he 


an 


hum 
at | " 


vith € 
ie 


i 
vated. The discrepancy between er 
identical size and at identical distances TOS a 
eyes of O is more apparent when viewe 
near vertical. 
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POSTSTIMULUS OUTPUT SPECIFICATION AND 
DIFFERENTIAL RETRIEVAL FROM 
SHORT-TERM MEMORY 


WILLIAM EPSTEIN : 


University 


of Wisconsin 


On each of eight trials, different pairs of lists of unrelated words and numbers 


were presented once with instructions 
tions given after the last item of the 


to memorize both lists. Recall instruc- 
second input specified one of four recall 


outputs: O—numbers only or words only; F—numbers first, then words; 


S—words first, then numbers. 


Experiments I-III showed that for the second 


input, recall is superior under Cond. O. Experiments IV and V showed that 
the superiority of Cond. O is not present if the words and numbers are input 


cotemporally in a mixed list. 


The findings are interpreted as evidence that 


independently of acquisition variables, there are events during retrieval that 


affect short-term recall significantly. 


The experiments reported in the present 
paper were suggested by an incidental find- 
ing in an earlier study (Epstein, 1969, 
Exp. II). In that study, Ss were required 
to memorize an initial five-word string and 
an immediately succeeding list of eight un- 
related words. For different Ss the initial 
strings were either ordinary sentences, 
anomalous strings (grammatical but seman- 
tically anomalous), or ungrammatical ran- 
dom strings. Each of eight completely dif- 
ferent string-list combinations was presented 
aurally only once, and immediately follow- 
ing the last word on the list, S was tested for 
free recall. The critical features of the 
procedure were the temporal position and 
specification of the recall instructions, The 
prescribed recall output varied from trial to 
trial and was specified only after the learning 
presentation was completed, i.e., immediately 
after the last word in the list. On each of 
two of the eight trials the following outputs 
were solicited: (a) “list only”; (b) “list, 
then string”; (c) “string, then list”; (d) 
“string only.” 

For all three types of preceding string, the 
number of list words recalled was dependent 
on the recall output specification. The 
"only" (O) condition yielded superior recall, 


‘The author is indebted to Frank Shontz and 
S. M. Ebenholtz for useful discussions of this work. 

Requests for reprints should be sent to William 
Epstein, Department of Psychology, University of 
Wisconsin, Psychology Building, Charter at John- 
son, Madison, Wisconsin 53706. 


s " ; st 
Recalling the list second (S) yielded P 
recall, and recalling the list first (F) yie! 
recall that was intermediate between 


and S. 


Lower recall under Cond. S may b m 
tributed to the proactive interference m j. 
prior recall activity, or to trace dec nt 
What was unexpected was the consist 
and significant superiority of list recall t 
der Cond. O relative to Cond. F. 4 to 
difference in recall cannot be attribute tion 
differences in original learning. iet 
and encoding may be presumed to have uld 
the same on all learning trials since 5 Td be 
not know in advance which output woul t 


specified. Nor can the difference be ce 


e at 


tributed to overt recall activity, of “phe 
decay resulting from delay of recall. is that 


sole difference that can be singled out 15". 
under Cond. F, S had to keep the x" 
mind while recalling the list, but pon 
Cond. O, S could disregard the SP jon 
More is said about this in the Discus 
section. 


ExrERIMENT I 


" et 
The purpose of Exp. I was to deter?" in 
the original findings would be obtainec b: e- 
in a new experiment with number ur I 
placing the strings. In addition, ordet: 
varied input order as well as output expert 
The main objectives of the original in 
ment required that the input alwaY9 "e 
the order: string followed by list. 
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RETRIEVAL PROCESSES IN STM 


mna periment, one group of Ss had 
ul n ords, then numbers (W4N2); 
bers, then E Fam had input order: num- 
appe rds (N1Ws). , For each group, 
recall ont A net of trials, one of four 
trial: (a) S Was specified after the learning 

: ) words only"; (b) “numbers 
SALA words, then numbers"; (d) 
ó eiiam hen words.” The comparisons 
. Test were between recall output condi- 


tions 
» Input conditi 
Dut ; itions, and th 3 - 
Put interaction, e Output X In 
Metho d 
Materi 
; rials — p 
psht Wea materials were eight lists of 
Wo-digit aaae words and eight lists of cight 
owes’ pi The 64 words were selected 
T i 266) tabulation of the frequency of 
words in the spoken language of 
They ranged in frequency 
o y 
ne te iS. 100,000. “All eight lists had the 
eed from Hated The 64 numbers were se- 
E © associat; attig and Spera's (1962) tabulation of 
io in AV value (AV) of numbers. They 
ip * eight li from 72 to 203. The mean AVs 
affer nt pairi sts ranged from 1.33 to 1.36. Three 
Se prepared. S of word lists and number lists 
ib; 1 
t ects’ 
te Participate f° Ss were 100 students who elected 
pitement in the experiment to satisfy a course 
fiy, OCedure 
ae en es The Ss were tested in groups of 
mo input Oups (N — 50) were assigned to each 
lis ber list; a W.N.—word list followed by 
D Four! : :W;—number list followed by word 
the Of the M in each input condition learned 
Maining S of word-list-number-list pairings ; 
Tha the ike six groups were evenly divided be- 
ei er two arrangements. 


D 
Teg. Struct; 
ifo ded tions and learning lists were tape- 


S, each 
ea : 
est, Sh learning trial would be followed by a 
bi each trial, his task was to learn as 
e of the two lists. The order of 


list of words followed by a list of 
The S 


as f 
bo 
timp, Cg 2n 
Mag hers, Ww 
Hn infor, a 


fi 


d in 

Y e ons l 

T av, cte words soliciting the various out- 

ifie rin black- 
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TABLE 1 
Mean NuMBER oF Worps (Ws) AND NUMBE 
1 MBERS 
RECALLED FOR Two INPUT Ons ini 
AND THREE RECALL OUTPUT 
SprECIFICATIONS: Exp. I 


Only First Second 
Input 
M SD M SD M SD 
Word output 
WaiıNa | 4.05 | 1.03 | 4.18 | 1.19 | 4.00 | 1.26 
N:We | 5.64 .73 | 5.00 | .91 | 3.93 | 1.09 
Number output 
NW. | 2.97 | 1.11 | 2.32 | 1.05 243 | 1.10 
WiNe | 3.62 .98 | 2.84 | 1.03 | 2.45 | 1.04 


Note.— Total possible = 8. 


instructions, nor was S told how many trials to 
anticipate. Within any particular list, recall order 
of the items was unconstrained; the instructions 
informed S that he was free to recall the items 
from the designated list in any order he wished. 

The items on the list were presented on tape at 
the rate of one each 1.5 sec. There was a 6-sec. 
pause between lists. The recall cue followed the 
last item on the second list after an interval of 4.5 
sec. One minute was allowed for each recall test. 
On the recall test, S wrote his responses on a 
prepared sheet which contained two columns of 
eight underlined spaces, one headed “Words” and 
the other “Numbers.” Sixteen test sheets were 
provided, although only eight were required. Each 
recall sheet was removed from view at the comple- 
tion of the recall test. A new learning trial began 
10 sec. aíter the conclusion of the recall test. 


Results 

Table 1 shows the mean number of items 
recalled for words and numbers separately. 
Examination of Table 1 shows the following : 
(a) Words were recalled better than num- 
bers. (b) Under Cond. O and F, recall 
was higher from the list presented second 
than from the list presented first; but under 
Cond. S, recall was the same for items from 
the lists presented first and second. This 
was true both for words and numbers. (c) 
When the recalled items were from the list 
put in second, the amount recalled varied 
with the recall output specification as in 
the original experiment: O>F>S. This 
was true for both words and numbers. (d) 
When the recalled items were from the list 
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put in first, amount recalled did not vary sys- 
tematically with the recall output specifica- 
tion. This was most clearly the case for 
words. P 

Separate analyses of variance were com- 
puted for word recall and number recall fol- 
lowing Winer’s (1962, pp. 302-307) model 
for the two-factor experiment with repeated 
measures on one factor. 

Words—The main effects of input and 
output were significant: input, F (1, 98) — 
27.68, p < .001; output, F (2, 196) = 25.81, 
b «.001. The Input x Output interaction 
was also significant, F (2, 196) — 20.17, 
p < 001. A series of individual F tests (df 
—1, 196) were computed to make individual 
comparisons among the six means. All the 
differences among the means for recall of 
the second input were significant (5 ranging 
from .05 to .001). None of the differences 
among the means for recall of the first input 
approached significance. Comparing recall 
of the first and second input yielded signifi- 
cant (p < .001) differences in favor of the 
second input for Cond. O and F. The differ- 
ence between the input conditions for Cond. 
S did not approach significance. 

Numbers.—The main effects of input and 
output were significant: input, F (1, 98) = 
7.61, p < 01; output, F (2, 196) — 21.03, 
P <.001. The Input x Output interaction 
was also significant, F (2, 196) — 3.30, p< 
05. A series of individual contrasts, F (1, 
96), showed that all the differences among 
the means for recall of the second input were 
significant (p < .01). Comparisons among 
the means for recall of the first input showed 
two significant differences: O >F, OS 
(P € .01). Comparing recall of the first and 
second input yielded significant (p < 01) 
differences in favor of the second input for 
Cond. O and F. The differences between 
the input conditions for output “second” did 
not approach significance. 


Conclusions 


Experiment I confirmed the findings of the 
original study (Epstein, 1969, Exp. II) de- 
scribed in the introduction. Recall of lists 
presented second depended on the output specifi- 


cation in the same way as in the original 
experiment. 
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TABLE 2 
Ji Ji ERS 
Mean Number or Worps (Ws) AND NUMB 
^ FANS) RECALLED FOR Two INPUT ORDERS 
AND THREE RECALL OUTPUT 
SPECIFICATIONS: ExP.II 


Only First Second 
Input i 
M SD M SD ac | SP 
Word output 
an | 53 
WN: | 3.88 | 1.34 | 3.79 | 1.51 446 nn 
NW: | 5.68 1.20 | 5.04 | 1.24 | 4.4 
Number output 
94 
NiW2 | 3.98 | 1.42 | 3.40 | 1.15 25) $2 
WN: | 4.44 | 1.47 | 3.46 | 1.35 | 3.0 


Note.—Total possible = 12, 


; ich 
The results were different for the list ue 
was presented first. Recall of words ions 
almost identical for the three output condit ; 
Recall of numbers was superior under Con d no 
recall for the two remaining conditions an the 
differ. In light of the results for words an. 
absence of any difference between numbe bers 
called first and second, the results for "nur 
only” need to be checked. 


EXPERIMENT II 


hat 

Experiment II was like Exp. I except tom 
12-item lists were used instead of ad t0 
lists. The longer lists were introduce sen 
determine whether the difference ba 
the amounts recalled under Cond. O 47, er 
would be affected by increasing the nation 
of items that S had to keep in circu 
under Cond. F. 


Method " 


Materials—The lists used in Exp. I ie ror 
plemented by the addition of four ite (1962) 
Howes’ (1966) and Battig and Speras 
tables. " producto 

Subjects—Fifty summer students of in wet as 
psychology served as Ss. Twenty-five, Y NW 
signed to each of the two input orders, ^6" 
and WiN;. 


Procedure,—The procedure was 
Exp. I. 
Results 


rd 
Table 2 shows the mean number a we of 
and numbers recalled. Separate an@ Ai and 
variance were computed for word rec 
number recall. 


to 
identical 


—=" 
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Fori 
, Ens ds main effect of input was sig- 
iuge (1, 48) 211.99, p< 01. The 
L. e of output was not significant, but 
ES e Output interaction was signifi- 
Ge UN K > 6) = 6.86, p < .01. The nature 
Tow a mee can be discerned by ex- 
first dh able 2. When words were the 
iffer ^ (W,Ne), the mean recall did not 
is Bus the three output conditions. 
sults of dere was confirmed by the re- 
ehe opt ndividual contrasts, all of which 
m | pa. , When words were put 
tion. a recall varied with output condi- 
Ea s F, F (1, 96) 2 430, p< 05; 
Pi be 4, 96) = 4.40, p< .05; O>S, 
T n = 12.10, p < .01. 
main ie ers,—There was only one significant 
ect: output, F (2, 96) = 20.72, p < 
i op dividual contrasts showed that for 
S put in second, O >F (p < 05). 


or 
m s put in first, O > F (p < .01); 
and S at <.01). Recall under Cond. F 


C id not differ significantly. 
Onclusion 


The 
of p ooo of Exp, II confirm the results 
Second |: in all important details. For the 
"called input, both words and numbers are 
best under Cond. O. 


On Experiment III 
Sec the "only" trial, S may use the full 60- 


ite, al Period to retrieve and reproduce 
Put on t his is not the case for the first out- 
a, ed ed then second" trial. On rs 
Sca] lust reserve the latter part of the 
Altho Period for output of the inse list. 
mance informal observation of S’s per- 
ately th Suggested that Ss used approxi- 
he "on © same amount of time to reproduce 
signed), and “first” list, Exp. III was 
"eap ^ tO control the time allowed for 


- 


dye bject 

“Rory degit Ss were 18 students of intro- 

Sep, OCe, Ogy. 

l tation "re~ The materials and method of pre- 

of „The inate the same as in Cond. W:N2 of Exp. 

à state tructions were modified by the addition 

nt ent describing the new feature of this 
he innovation in Exp. III was an 

the recall period to 80 sec- and the 
a signal after 40 sec. of the recall 
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TABLE 3 


Mean NuMBER OF Worps AND NUMBERS WHEN 
Frxep Time Is ALLOWED FOR ONLY 
AND First REcarL: Exp. III 


Recall output 


Item First 


Words 3.89 | 1.19] 3.72 | .89 | 3.76 | .39 
Numbers 3.47 | 1.09 | 2.86 | .72 | 2.00 | 1.00 
Combined | 3.68 | — | 3.31] — |2.38| — 


period had elapsed. ^ On the “only” trial, the 
signal was "stop"; on the "first, then second" trials, 
the signal was "shift to other list.” This procedure 
equated the recall time allowed for the "only" and 
“first” recalled lists, One order of input, W;N;, 


was investigated. 


Results 

The results are shown in Table 3. The 
results confirmed the findings of Exp. I. 
Analysis of variance showed a significant 
main effect of item, F (1, 2) = 33.14, p< 
.001, and a significant Item X Output Condi- 
tion interaction, F (2, 34) = 45.61. The 
nature of the interaction effect can be dis- 
cerned in Table 3. For the words, the first 
input, there was little difference among the 
three output conditions. For numbers, the 
second input, the number of items recalled 
was in the order O > F > S. 


Conclusion 

The superiority of “only” recall over "first" 
recall is obtained when time available for recall 
is equated. The results of Exp. I and II are not 
simply artifacts of uncontrolled differences in 


time allowed for recall. 


EXPERIMENT IV 


Experiment IV was designed to examine 
the effect of recall output specification, when 
the two lists are presented cotemporally. 
For this purpose, single lists were formed 
consisting of words and numbers. 


Method 

Materials.—The words and numbers used in Exp. 
I were used again. Each of the paired word and 
number lists was combined to form a single list of 
16 items. The words and numbers were randomly 
arranged in the list with the restriction that four 
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TABLE 4 


MEAN NUMBER OF WORDS AND NUMBERS 
RECALLED FROM RANDOMLY MIXED 
LISTS FOR THREE RECALL OUTPUT 

SPECIFICATIONS: Exp. IV 


Recall output 
Item Only First Second 
M SD M SD M SD 
Words 3.69 | .79 | 3.45 | 1.03 | 3.39 | .66 
Numbers 2.36 | .82 | 2.36 | 1.17 | 1.77 | .90 
Combined | 3.02 2.90 2.58 


words and four numbers appeared in each half of 
the 16-item list. 


Subjects.—The Ss were 39 new students from the 
same population that provided Ss for Exp. I. 

Procedure—The instructions were modified to 
describe the new composition of the learning lists. 
In all other respects, the procedure was the same 
as in Exp. I. 


Results 


Table 4 shows the mean number of words 
and numbers recalled for the three recall 
output specifications. The amount recalled 
was lower than in Exp. I. The mean num- 
ber of words recalled under all recall condi- 
tions was 4.46 in Exp. I and 3.52 in Exp. 
IV; the mean number of numbers recalled 
was 2.60 in Exp. I and 2.16 in Exp. IV. 
The ratio of word to number recall was 1.71 
in Exp. I and 1.61 in Exp. III. 

Analysis of variance showed significant 
main effects for type of item, F (1, 38) — 
126.06, p < .001, and output condition, F (2, 
76) = 5.18, p < .01. The Item x Output 
interaction was of borderline significance, 
F (2,76) = 242, 05» p < .10. The main 
effect of type of item reflects the consistently 
superior recall of words compared with num- 
bers. The main effect of output was ex- 
amined by computing six individual con- 
trasts. There were only three significant 
differences: words, O > S (p < .05) ; num- 
bers, O > S, F > S (p < .05). 


Conclusions 


Recall under Cond. O was not superior to 
recall under Cond F. The main findings of 


Exp. I-TIT were not obtained with the mixed 
lists. 


TABLE 5 


MEAN NuMBER OF Worps AND NUMBERS 
RECALLED FROM REGULARLY ALTER- 
NATING MixED Lists FoR THREE 
RECALL OUTPUT SPECIFICA- 
TIONS: Exp. V 


Recall output 


Item Only First Second 

sp | a | sD | a |32 

2 

Words 3.70| .73| 3.61 | .81| 3.05 | -12 

Numbers 2.26 | 1.02 | 2.02 | 1.08 | 1.78 e 
Combined | 2.98] — | 2.82] — | 241 


EXPERIMENT V 


The mixed-list procedure of Exp. 1V ype 
employed to make presentation of the o" 
bers and words cotemporal. However, i d 
random composition of the list may also pe 
made it difficult for S to sort the items oe 
two separate memory compartments. E ai- 
difficulty might have arisen because randon te 
zation of the list did not allow S to anticip? 
the category of the forthcoming item. . the 

Experiment V was designed to retain me 
feature of cotemporality and, at the Sly 
time, to permit S to sort the items est 
This was accomplished by using mixe pi 
in which the numbers and words appe? 1C 
in regular alternation. Since the nia 
tions informed S that regular alternat ot 
would be followed in all lists, he could °- 
himself in advance of each item for the ? 
propriate storage sort. 


Method 


e 
Materials.—The lists used in Exp. IV were at" 
arranged to conform to the rule of regular ? 
nation between words and numbers. intr?" 
Subjects—Forty-six students from the 
ductory psychology classes served as 55.? as in 
Procedure—The procedure was the Sam TOf in 
Exp. IV, with the exception of a modificat 
the instructions to inform S of the regular 
nation between words and numbers. 


ay OF 

2The first 26 Ss were run at the University of 
Kansas by a research assistant in the su. of 
1968. The last 20 Ss were run at the Univer“! pne 
Wisconsin by the author in the fall of 19 simil 
results for the two samples were highly i wert 
In fact, the means for two of the conditio 
identical in the two samples. 
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Results 


niuis shows the mean number recalled. 
sh -o of the means in Tables 4 and 
obtained hat comparable levels of recall were 
reni ee a IW and Y. Apparently, 
advanta, alternation does not confer any 
V, the jn E recall. In Exp. V, as in Exp. 
Whith evel of recall was lower than in Exp. 
Anal ' presented two separate lists. 
lor i geh. variance showed main effects 
001 t ot item, F 1 (1, 45) = 60.46, p< 
er ape condition, F (2, 90) = 5.47, 
The mair "i interaction was not significant. 
recall of : S Sct of item is due to superior 
Vidual bi ni compared to numbers. Indi- 
we effect (get Were computed to examine 
mg cont (Of output condition. The follow- 
level: w rasts were significant at the .01 
S. A vords, o > S, F > S; numbers O > 
Tum px Exp. IV, recall under Cond. 
his wa iffer from recall under Cond. F. 
as true both for numbers and words. 


C 
Onclusions 


W ; 
of j n the input condition makes the two sets 
the "oni Cotemporal, there is no advantage for 
the a Output over the “first” input. This is 
Separate even if sorting of the items into two 
fru, Tage categories is facilitated by 
Y alternating the items in the mixed list. 


Experi Discussion 
È the Peng I-III confirmed the observations 
g bwo dista experiment by Epstein (1969). 
Wh tior. Ctive lists are successively presented 
ín recall sro immediate recall is superior 

řecal] d. only one list is required compared 
ar Or the same list when S is also re- 

uL *call the other list. The experiments 
heth inclusive regarding the question of 
Upe, aS "i5 superiority is restricted to the list 
Ver lp bal second or whether this 
[E Exp Will occur for the first input as 
inp Material iments IV and V show that for 
Mett Of the ,, tudied, separate, uninterrupted 
| Theet € two lists is a necessary condition © 
hy e x 
nn a seem similar to earlier findings 
in fl or onp, (1960) that poststimulus cuing for 
i , tter per Part of a list of 12 digits resulted 
h Ho ve Ormance than recall of the entire 
the Dari, VET, since Anderson did not report 
s for the same set of digits when 


re 
recalled alone and as the second or 
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third set of the output, she did not make the 
observation reported here. In addition, the fact 
that superior recall of "only" lists was not ob- 
tained in Exp. IV and V indicates that the 
results in Exp. I-III are not simply instances of 
the effect demonstrated by Anderson. 

Two processes may be jointly responsible for 
the superior recall of "only" lists: (a) The list 
which is not currently being recalled inhibits 
retrieval of the items from the presently recalled 
list. The degree of inhibition will be greater 
if the other list is being actively recirculated in 
preparation for subsequent recall. This is the 
case for the other list on the “first, then second” 
recall tests. On the “only” trial the excluded 
list is not rehearsed and inhibitory effects are 
less. (b) When the "only" signal is given, S 
may discard the other list from the short-term- 
memory store, thereby eliminating the poten- 
tially interfering material entirely. Preliminary 
observations in an experiment that compared 
recall of the excluded list following recall of the 
“only” list with recall of the same list when it 
was second on a “first, then second” trial showed 
superior recall in the latter case. This outcome 
is compatible with the first assumption since 
rehearsal of the second list would enhance re- 
call of that list. The fact that recall of the 
excluded list after the “only” list did not dimin- 
ish to zero suggests that the other list is not 
completely discarded on the “only” trials. 

The fact that the superiority of Cond. O does 
not appear with the mixed lists of Exp. IV and 
V requires explantion. One possibility is that 
when the input is mixed and S is asked to recall 
only one type of item, the excluded items, never- 
theless, intrude and inhibit retrieval of the 
prescribed items. The result is to make Cond. 
O and F functionally more similar and to re- 
duce the difference between the number of 
prescribed items recalled under these conditions. 
When the two lists are presented separately, as 
in Exp. I-III, $ is more successful in suppress- 
ing the excluded list under Cond. O. Items 
that are grouped together in input can be ex- 
cluded as a group during output. 

The experiments add to the growing body of 


data (e.g, Tulving, 1967 ; Tulving & Pearlstone, 


1966), showing that in addition to processes 


during acquisition, there are processes during 


retrieval that affect recall. 
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SHORT-TERM 
PREPARATORY SET AS 


THEODORE 


RETENTION: 
COVERT REHEARSAL* 


J. DOLL? 


Mental Health Research Institute, University of Michigan 


It is shown that preparatory pr 
informative cueing in reaction time 


can be viewed as rehearsal in short-term- 


that the advance-cueing RT procedure produces 
cued stimuli, 


stimuli and increased mean RT to non 


evoke enhanced preparatory processing o 


tory processing of noncued stimuli. 


enhanced preparatory processing, like rel 
and that attenuated preparatory processing, 

The im 
for rehearsal, the selectivity of rehearsal, 
I to the accessibility of information in long- 


interpolated activity, impairs recall. 
necessary and sufficient conditions 
and the relationship of rehearsa 
term memory are discussed. 


or rehearsal has become an im- 
logical m Pisnatoty concept in the psycho- 

TOW iterature on short-term retention 

wn, 1958; Conrad, 1960; Hellyer, 
1965) Murdock, 1961; Waugh & Norman, 
Various Towever, little is known about the 
curs pe in which rehearsal 
Whether nd the conditions which determine 
Situation. not rehearsal occurs in any given 


, 


Set E Present study shows that preparatory 
ady: nce s Paratory processing produced by 
Acti Partially informative cueing in re- 
Yerba] time (RT) tasks which employ 
Sho, muli can be viewed as rehearsal in 
Sirac -memory tasks. In addition to 
le v the relationship of processes 
Cations 1 paradigms, the study has im- 
or the necessary and sufficient 
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ocessing produced by advance partially 
(RT) tasks which employ verbal stimuli 


tasks. Experiment I showed 
decreased mean RT to cued 
suggesting that the cues 
f cued stimuli and attenuated prepara- 
Experiment II demonstrated that 
hearsal, facilitates short-term recall 
like attenuation of rehearsal by 
plications of the findings for the 


memory 


conditions for rehearsal, the selectivity of 
rehearsal, and relationship of rehearsal to 
the accessibility of information stored in 
long-term memory. 1 

The purpose of Exp. I was to show that 
advance partially informative cueing in an 
differential preparatory 


RT task produces 
processing of the cued and noncued stimuli. 


Davis (1964) and Shaffer (1966) have 
shown that advance cues which signal a 
reduction in the number of alternative stim- 
uli to which 5 may be required to react (in- 
dependent of response uncertainty) produce 
a reduction in mean RT to the cued stimuli. 
This finding suggests that the cues evoke 
enhanced preparatory processing of the cued 


stimuli. . 
In Exp. I the advance cues signaled a 


change in the probabilities (always non- 
zero) of the stimuli rather than a reduction 
in the number of alternative stimuli. The 
hypothesis tested was that cueing produces 
an increase in mean RT to noncued stimuli 
as well as a reduction in mean RT to cued 
stimuli, Such a finding would suggest that 
advanced cues produce attenuated prepara- 
tory processing of the noncued stimuli as 
well as enhanced preparatory processing of 


the cued stimuli. 
The purpose of the second experiment 


was to determine whether the preparatory 
process controlled by the advance-cueing 
RT procedure can be viewed as rehearsal. 
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THEODORE J. DOLL 


TABLE 1 
STIMULI, CONDITIONS, AND EXAMPLES OF TRIALS IN THE RT Task (Exp. I) 


Trial events 


P (any item 
prol 
Type of probe - ood fram Pete 
SEE Preprobe interval Probe ia 
" " .80 
Cued 2 Enhanced preparation for QUR QX Left 
Miscued 2 Enhanced preparation for QUR BX Left d 
Uncued Ready Uniform preparation for all subsets XP Right . 


Note.— The critical set consisted of the subsets B 
critical set consisted of theletters TVZCGOMNX 


The basis for the inference about the rela- 
tionship of the processes was the effect of 
the preparatory process on short-term re- 
call. If preparatory processing can be 
viewed as rehearsal, then enhanced and at- 
tenuated preparatory processing should pro- 
duce the effects on short-term recall that are 
customarily attributed to rehearsal and at- 
tenuation of rehearsal by interpolated activ- 
ity, respectively. That is, enhanced prepar- 
atory processing should facilitate recall and 


attenuated preparatory processing should 
impair recall, 


EXPERIMENT I 
Method 


Subjects.—The Ss were selected on the basis of 
their performance in free-learning a set of nine 
critical letters (see Table 1). Of 20 Ss, 12 who 
learned the critical set to a criterion of nine con- 
Secutive correct responses in 54 or fewer trials 
participated in the balance of Exp. L All Ss 
were male undergraduates at Kent State Univer- 
sity. The Ss were paid and received credits 
toward a course requirement for their participation. 

Apparatus.—The Ss were trained and tested in- 
dividually in a sound-deadened chamber. The § 
was seated approximately 3 ft. in front of an eye- 
level array of three alphanumeric display cells 
(Industrial Electronic Engineers). The entire 
array was 3.5 in. wide and 6.5 in. high; stimuli 
were 1.5 in. high and 1.0 in. wide. Stimulus se- 
quences were preprogrammed and automatically 
executed. Reaction time was measured with milli- 
second accuracy by a Hewlett-Packard electronic 
counter. The manipulandum was a small lever 
attached to a spring-loaded, center-positioning, 
double throw switch, placed within easy reach of 
S’s preferred hand. Movement of the lever to 
the left or right terminated the probe stimuli. 

Stimuli—The critical and noncritical items 
shown in Table 1 were so chosen in order to 
systematically vary phonemic and visual confus- 
ability. It was of interest to determine in what 
form information is encoded for preparatory pro- 
cessing. The manipulations of phonemic and 


" * n 
DP. QUR, and SFL, cued by the digits 1, 2, and 3, respectively. The 


on 


visual confusability were constrained by the aH 
mary design considerations. As a result, E sta 
dence was obtained for either phonemic or V! the 
encoding. Further information regarding nip- 
selection of the stimuli and the confusability m2 

ulations was reported by Doll (1968). 

Procedure.—Each S participated in 
sessions. In each session S first performed i 
learning task, then a paired-associates le? 
task, and finally the RT task. n 

On each trial of the free-learning task the ‘A 
critical letters were presented at a 2/sec lent 
new random order. The word “ready” appeal to 
sec. after the offset of the last letter as a Se eter 
S to recall the letters in any order. After ved bY 
the ready signal terminated and was tallow task 
another presentation of the nine letters. afte! 
was terminated after S met the criterion OF was 
54 trials, whichever occurred first. The he end 
dismissed if he had not met the criterion by t 
of Session 1. „ digi 

In the paired-associates learning task, me con^ 
1, 2, and 3 served as stimuli, and the response re^ 
sisted of mutually exclusive subsets of "le 1): 
viously learned list of nine letters (see Tey get 
On each trial the digit was displayed for and P 
during which S was required to say aloud, he 
any order, the appropriate subset of letters: e and 
correct letters then appeared at a 2/sec dn The 
were followed by a 3-sec. intertrial interval- 
task was terminated when S had made 12 C? 
tive correct anticipations. 

The procedure for the RT task is illustr 
Table 1. A pair of probe letters was presen nich 
each trial. The $ was required to indicate e t bY 
letter in the pair belonged to the critica ich 0% 
pushing the response lever to the side wht he 5 
responded to its position in the display- 
was instructed to respond as quickly as P 
without making errors. The intertria 
was 3 sec. i 


e r 
Each probe included one critical ud à 
critical letter. The S was not acquainte ted 
noncritical set. Each trial was initiate’ | 
a ce be either $, A 
S-sec. starting signal which could scandyi 
Le, the digit 1, 2, or 3, or the word. re hic 
3-sec. preprobe interval followed, during un 
display was blank. The S was instru n 
the cues would provide partial advance 


ine 


sect 


d i" 
ate of 


SET IN CHOICE RT AS REHEARSAL IN SHORT-TERM MEMORY 


tio r "m 
ie mik iei dtd letter would appear in 
any way - he j was not told to rehearse, or in 
When eum EE the cued subset. - 
Wis correct arting signal was a digit, the probe 
ürdbey) ic aae Mith, eet: (oued 
drawn fror bs critical letter in the probe was 
Probabilit $ 2 je cued subset with p=.8. With 
was diva trà the critical letter in the probe 
sets with SH the remaining two (noncued) sub- 
When the equal likelihood (miscued probes). 
item in he RIE signal was “ready,” the critical 
the three v nny was drawn equally often from 
rhe a sets (uncued probes). 
On the buc probe letter. appeared equiprobably 
ulus Tee right in all conditions; hence stim- 
uncertainty varied independently of response 
he probe c dus nine critical letters appeared in 
UNcued aai, y often in the cued, miscued, and 
sentation = ions. Therefore, prior to the pre- 
tainty Was tl es starting. signal, stimulus uncer- 
n the f 1e same in all conditions. 
block of w Session, S performed one practice 
ere not H Miate of the RT task. These data 
ree block: alyzed: In Session 2, S performed 
Made up s of 108 trials cach. Each block was 
Ypes of ns a different random sequence of 14 
Variables rials defined by the combination of three 
M and 3’ type of probe, cue, and response. Cues 1, 
and qq, i PPeared equally often with cued probes 
read e tly often with miscued probes. The word 
e seg e Ad exclusively with uncued probes. 
© chosen and noncritical letters for each probe 
*t ang randomly from the appropriate critical 
ach bloch the noncritical set, respectively. After 
Dun ies second session, RUND UE 
Oximate r rrors he had committed and the 
inene y oc Ot his RES At the close of the 
‘ited du 3 answered a questionnaire which 
Introspective account of his performance. 


sult. 
Sand Discussion 


Me 
isonet RTs for correct responses to cued, 
anq gay’ 9nd uncued probes were 599, 719, 
Port msec., respectively. These results 
rma he interpretation that partially 1m- 

€ cues evoke enhanced preparatory 


Kes, H 
s 
Meparatee of cued stimuli and attenuated 
he Ty processing of noncued stimuli. 


Sans d are means of 12 individual-S 
ig tria] ach of which was based on at least 
“elu¢ "An analysis of variance which 
| correct response and type of probe 
7-5 variables revealed no significant 
tes P sa former variable, F (1, 11) = 
un ts. 05, and confirmed the previous 
th “ueq ean RT for correct responses to 
ot for Probes differed significantly from 
+ ang Ged probes, F (1, 11) = 17.70, P < 
"Om that for miscued probes, F (1. 
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11) = 18.93, p<.01. The variances of 
RT suggest that these differences are not 
due to selective retrieval processes which 
occur after the probe is presented. Sup- 
pose that: (a) the cue determined the order 
in which the subsets were searched, i.e., the 
cued subset was searched first, (b) the 
search order was random or haphazard 
when the starting signal was uninformative, 
and (c) the search terminated as soon as 
the subset which contained the searched-for 
item was encountered. This interpretation 
accounts for the observed differences in 
mean RT, but predicts greater variability in 
RT for uncued probes (random search 
order) than for cued probes (cue-controlled 
search order). In fact, the mean variance 
of RT for correct responses was smaller for 
uncued probes (26,190 msec.*) than for cued 
probes (31,762 msec.). The mean vari- 
ance for miscued probes was 47,077 msec’. 
These data are means of 12 individual-S 
variances. 

The particular cue presented had rela- 
tively little effect on RT. Mean RTs for 
correct responses to cued probes were 584, 
619, and 596 msec. for Cues 1, 2, and 3, re- 
spectively. Mean RTs for correct responses 
to miscued probes were 707, 728, and 725 
msec. for Cues 1, 2, and 3 respectively. 
Again these are means of 12 individual-S 
means. For cued probes each individual-S 
mean was based on 72 trials. The individ- 
ual-S means for miscued probes were each 
based on 18 trials. The effect of cue was 
significant for cued probes, F (2, 22) = 
5.15, p < .05, but not for miscued probes, 
F (2, 22) = 60, p > .05. 

The mean proportions of errors for re- 
sponses to cued, miscued, and uncued probes 
were .031, .061, and .061, respectively. 
Error rate was also relatively independent 
of the particular cue presented. For cued 
probes, the mean proportions of errors for 
Cues 1, 2, and 3 were .026, .039, and .028, 
respectively. The mean proportions of 
errors for miscued probes were .050, .074, 
and .060 for Cues 1, 2, and 3, respectively. 
The data for errors are means of 12 individ- 
ual-S proportions. 

The responses to the questionnaire 
strengthened the conclusion that the cnes 
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TABLE 2 
CONDITIONS AND EXAMPLES OF TRIALS IN THE EXPERIMENTAL Task (Exp. II) 


Trial events 


f Subset Galais = 
kc probed XX a oe Val and staring Ba d FisE recall 
Subseti | Subset2 signa 
empts to 
j X 1 QK Left S attemp 

¢ 25 56 N 2 JG Right recall pe 
Ue | i d EIE 3 BN Left critica 

UC | 2 HPN TJU | 3 QT Right 

| 


Note.—C represents cued probes; UC represents uncued probes. 


a Retention intervals of 2, 4, 
before the probe, 


controlled the preparatory process. The Ss 
were asked, “In the reaction time part of the 
experiment, did the number (1, 2, or 3) 
which sometimes preceded the pairs of let- 
ters make your task easier or harder?” and 
“Why do you feel that the numbers made 
your task either easier or harder?” Nine Ss 
replied that the cues made the RT task 
easier because they could “concentrate on,” 
“think of,” etc., only three rather than nine 
critical letters. The other three Ss re- 
marked that the cues made the RT task 
harder because they tended to concentrate 
on members of the cued subset, and this 
"threw them off," "surprised them," etc., 
when the critical letter was not a member 
of that subset (miscued probes). To the 
third question, "What did you think about 
after the number came on, and before the 
pair of letters appeared?" nine Ss said they 
thought of the letters associated with the 
digit, one S said he thought of all nine criti- 


cal letters, and two Ss' statements were not 
clear. 


EXPERIMENT II 
Method 


Subjects and apparatus.—The Ss were selected 
on the basis of their performance in a practice 
task. Of 17 Ss, 13 met the selection criteria. Of 
these 13 Ss, 2 were run in a pilot version of the 
experiment and 2 could not be run because of an 
apparatus failure, leaving 9 Ss in the experiment. 
All Ss were male undergraduates at Kent State 
University. The Ss were paid and received 
credits toward a course requirement for their 
participation. With one addition, the apparatus 
was the same as that used in Exp. I. A small 


green signal lamp mounted near the response lever 
provided the recall signal. 


-a .Sesee. warning 
» 6, and 8 sec. occurred equiprobably in random order, and each was followed by a .5-sec. 


Procedure.—Each S participated in two zi 
sions. The first session required about 30 ctice 
during which S performed 32 trials of the pra not 
task. The data from the practice task were The 
analyzed. Session 2 required about 90 min. peri" 
S performed six blocks of 32 trials of the € Jocks 
mental task, The order of presentation of 
was randomized across Ss. iis 

The procedure for the experimental tas m 
lined in Table 2. Each trial began Wit! qe 
presentation of six new critical consonants 5 were 
rate of 2/sec. The sets of critical consonan andom 
taken from Hintzman's (1966) table of taby a 
letters. Sets which contained a repetition The 
mnemonic series, e.g, NBC, were exclude ' Subset 
first three letters of each set were called 
1; the last three were called Subset 2. he last 

Immediately after the presentation of : and 
critical consonant, a starting signal appear! yhich 
remained throughout a retention intervà tartin! 
was equiprobably 2, 4, 6, and 8 sec. The 5 o 2, 
signal could be either a cue, ie, the digit tion as 
or the digit 3, which served the same ene sig 
did the word “ready” in Exp. I. The start? erval 
nal was followed by a .5-sec. warning e ini 
during which the display was blank. The p! imt 
interval was designed to minimize effects 
uncertainty on RT. 


iti 

A poner 
Two probe letters, one critical and one rin the 
cal, followed the warning interval. was 


starting signal was the digit 1 or 2, the probe cued 
correctly cued with probability uer. p 
probes), ie. the critical letter in the PE um 
randomly drawn from the subset of the SaM pit 
ber. When the starting signal was Ne m 
the critical item in the probe was drawn (uncut 
and equiprobably from the two subse ia an 
probes). The noncritical letter was onan pa 
domly from among the 14 consonants V : 
not appeared in the critical set. th! 
The S was instructed to push ee 
side which corresponded to the posit! uickl if 
critical letter in the probe display as i the Er 
possible without making errors. BM fo e 
response, the green signal lamp glowe E 
The S was required to recall as many € 


= 


———PI 


SET IN CHOICE RT AS REHEARSAL IN SHORT-TERM MEMORY 


ter; ; š 
icd ria p order while the green lamp 
followed i n intertrial interval of 2 sec. 
poban Experimental task there were 32 equi- 
of Tus ieee ot trials defined by the combination 
Probed, two k type of probe, two levels of subset 
levels of rete Syels, of correct response, and four 
trial type a Hon interval. One instance of each 
in each ete in a different random position 
experimental t. 2s practice task differed from the 
of type of ua only in that there was one level 
each of 16 Eon e (uncued). Two exemplars of 
€ practice eS ev appeared in random order in 
dismissed ae . At the end of Session 1, S was 
in the Sain the experiment if his performance 
Criteria : (a) ce task did not meet the following 
eight or ive Ri or more complete recalls, (b) 
5 equal to RT errors, and (c) eight or fewer 
he Fet d greater than 2 sec. 

Order to ay was randomly varied in 
cess occupie, d RE whether the preparatory pro- 
Mterval had Mis full duration. If the retention 
Could be m cen constant over blocks of trials, it 
Just prior ios that preparation was delayed until 
retention į o the probe. With a randomly varied 
little or interval, such a strategy would result in 
short Sel Preparation for probes which followed 
ention intervals. Therefore, the differ- 


SUBSET PROBED 


1000 TYPE OF PROBE 
C-CUED 4-FIRST 
UC-UNCUED 2-SECOND 


900 


800 


| Tb 


700 


MEAN REACTION TIME IN MILLISECONDS 


x 4 6 
pets q RETENTION INTERVAL IN SECONDS 
PORC. 
N Mean RT as a function of type of 


fe” als 
(Ro è ] t 
XD, myst probed, and retention interval 
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ence in RT for cued and uncued probes would be 
smaller at short retention intervals than at long 
retention intervals. On the other hand, if a full 
state of preparation was achieved early and was 
preserved throughout the retention interval, the 
difference in RT for cued and uncued probes 
should remain constant over the length of the 
retention interval. 

In the second session, S was instructed that the 
digits 1 and 2 would give him advance information 
about the subset írom which the critical letter 
in the probe would be drawn. He was not told 
to rehearse, or in any way prepare for, the cued 
items. The S was informed that he would receive 
1é additional pay for each correct response with an 
RT less than .600 sec. and 1¢ less pay for each in- 


correct RT response. 
After each block of the experimental task, S was 


informed of the number of correct responses with 
RTs less than .600 sec. and the number of errors 
that he had made in the block. Both the incentive 
for fast and accurate RT responses and this feed- 
back were used to emphasize the importance of 
the RT task relative to recall, In addition, S was 
told that recall was required only “to make sure 
you were not guessing” which RT response was 
correct. (These procedures were instituted after 
data from pilot Ss revealed no difference in mean 
RT for cued and uncued probes. It was thought 
that the requirement that S recall all six letters 
produced uniform preparatory processing of all the 
letters and that this would be avoided if recall ap- 
peared to be incidental) After S completed the 


experiment, he was asked to fill out a questionnaire. 


Results and Discussion 


In Fig. 1, mean RT for correct responses 
is plotted as a function of retention interval, 
with type of probe and subset probed as 
parameters. Each point is the mean of nine 
individual-$ means, each of which was based 
on 12 trials. An analysis of variance which 
included type of probe, subset probed, and 
retention interval as within-S factors re- 
vealed only three significant effects. Mean 
RT for correct responses to cued probes 
was significantly faster than that for uncued 
probes, F (1, 8) = 37.25, $ < .001, suggest- 
ing that the cues controlled the preparatory 
process. The interactions of type of probe 
by the three orthogonal trends with retention 
interval (linear, quadratic, and cubic) were 
not significant, F (1, 8) = 3.09, 174, and 
24, respectively, P > .05 in all cases, sug- 
gesting that a full state of preparation was 
achieved early and was maintained through- 
out the retention interval. Mean RT was 
significantly faster when Subset 1 was 
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probed than when Subset 2 was probed, F 
(1, 8) 26.82, p < 05. This result sug- 
gests that the first-presented subset under- 
went greater preparatory processing than 
the second-presented subset. The only 
other significant effect was the interaction 
of subset probed by the cubic trend with 
retention interval, F (1, 8) = 6.01, p < .05. 

Each trial was assigned two recall scores: 
the number of letters of Subset 1 recalled 
and the number of letters of Subset 2 re- 
called. A letter was counted as correctly 
recalled if it appeared anywhere in S's re- 
sponse, even if accompanied by erroneous 
letters. Recall data for the first and second 
subsets are displayed in Fig. 2 and 3, respec- 
tively. The curves labeled C-1 are the data 
for trials on which Subset 1 was cued and 
subsequently probed. The C-2 curves are 
the data for trials on which Subset 2 was 
cued and probed. The curves labeled UC-1 
and UC-2 are the data for the control condi- 
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25 


24 


23 


20 


TYPE OF PROBE 


19 C-CUED 
j UC -UNCUED 


SUBSET PROBEO 


4-FIRST 
2-SECOND 


MEAN NUMBER OF LETTERS OF FIRST SUBSET RECALLED 


2 4 6 8 
RETENTION INTERVAL IN SECONDS 
Fic. 2. Mean number of letters of the first 


subset recalled as a function of type of probe, 
subset probed, and retention interval (Exp. II). 
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TYPE OF PROBE 
C-CUED 
UC-UNCUED 


SUBSET PROBED 
1-FIRST 
2-SECOND 


2.8 


27 


20 


MEAN NUMBER OF LETTERS OF SECOND SUBSET RECALLED 
P" N N n is 
[] 2 is ù ‘> 
a a ena ae 
je ? 


RETENTION INTERVAL IN SECONDS 


nd 
Fic. 3. Mean number of letters of the se” 


1 
subset recalled as a function of type of probo B 
set probed, and retention interval (Exp. ID- 


tions for C-1 and C-2, respectively. 
Cond. UC-1, neither subset was cued, 
like Cond. C-1, Subset 1 was probed. 
Cond. UC-2, neither subset was cued, 
as in Cond. C-2, Subset 2 was probed. des 
The overall effect of cueing was paces 
mined by comparing the average verbes 
displacements of Curves C-1 and C-2 lect 
those of the control curves, First 7» 
sider the recall of Subset 1 (see Fig ifi- 
The first subset was not recalled sig” ne 
cantly better when it was cued than i? ml 
control condition—comparing Curves 0 
and UC-1 in Fig. 2 yields F (1, 8) ^ et 
p 2.05. However, when the other zu ifi- 
was cued, recall of Subset 1 was ^ x 
cantly poorer than in the control conditio" 
comparing C-2 and UC-2 yields F (1 8) D- 
1718, p < .01. Similar results wer 
tained for Subset 2 (see Fig. 3). sig- 
Subset 2 was cued, it was not recalled 52 


nificantly better than in the control € 


SET IN CE IS wm AWO YNEN 
ET IN CHOICE RT AS REHEARSAL IN SHORT-TERM MEMORY 


ti ‘ 
fog AERE C2 and DOSE VES Lh 
other subs k = .05. However, when the 
significar a was cued, Subset 2 was recalled 
conditio; ntly more poorly than in the control 
F n—comparing C-1 and UC-1 yields 
1 8) = 788, p < 05. 
val Size de trends over the retention inter- 
for Subset 1i compared. Consider the data 
cued, its in Fig. 2. When Subset 1 was 
relation t recall improved significantly in 
FQ i cx control—C-1 vs. UC-1 yields 
subset Nas me p «.05. When the other 
Significant] Ps » recall of Subset 1 did not 
trol. C.2 y deteriorate relative to the con- 
vs. UC-2 yields F (1, 8) = 204. 


P> 05 

tained fo The converse results were ob- 

ubset E Subset 2 (see Fig. 3). When 
Was cued, its recall did not im- 


Prove sion: 
compari nificantly relative to its control— 
py rating C-2 and UC-2, F (1, 8) = 1.52, 
Fecal of ene the other subset was cued, 
elation t ubset 2 declined significantly in 
C1, p M E control—comparing C-l and 
To" ^, (1 8) = 15.06, p < 0l. 
Ms, ie marize, cueing of a subset o! 
diq not » enhanced preparatory processing, 
Ver a Significantly facilitate mean recall 
Ue to ial n intervals. This may be 
oo ect in La" that recall was already nearly 
Ontro eo de Absence of cueing (i.e. m the 
Cessin a Enhanced preparatory 
3 inc s did, however, produce a signifi- 
len Tease in recall of Subset 1 with the 
Producer the retention interval. Cueing 
um an overall decrement in the recall 
Whic Noncued subset, i.e, the subset for 
ated, acm processing was attenu- 
Processi n addition, attenuated preparatory 
tion in ng resulted in a marked deteriora- 
but no recall of Subset 2 and a noticeable 
Subse "i Snificant deterioration in recall of 
ier With the length of the retention 
bset 2 " he greater rate of forgetting for 
to, e for Subset 1 is consistent with 
Th Proce : which suggest greater prepara- 
de, act d of the first-presented subset. 
va oñ at the effects of cueing on recall 
tro Stron ii length of the retention inter- 
leq Sly suggests that the process con- 
"Y the cues takes place during the 
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retention interval rather than, e.g., at the 
time of retrieval. 

z An overall analysis of recall data included 
iour within-S factors: (a) type of probe, 
(b) subset probed, (c) subset, i.e., whether 
the data were for Subset 1 or 2, and (d) re- 
tention interval. Mean recall was greater 
aiter uncued probes than after cued probes, 
F (d. 8) = 9.25, p « 05, indicating that 
uniform preparation for both subsets pro- 
duced better recall than concentrated prepa- 
ration for a single subset. The opposite re- 
sult might have been obtained if the critical 
had been longer than the “memory 
span." Mean recall was better for Subset 1 
than Subset 2, F (1, 8) =6.51, p < .05. 
This primacy effect is consistent with the 
aforementioned evidence that the first-pre- 
sented subset underwent greater prepara- 
tory processing. The Subset Probed x 
Subset interaction was significant, F (1, 8) 
= 67.31, p< 001, indicating that recall 
was best for the subset from which the criti- 
cal letter in the probe was drawn. The in- 
teractions of Type of Probe X Subset Probed 
x Subset, F (1, 8) = 14.26, p < .01, and 
Type of Probe X Subset Probed X Subset 
x Linear Component of Retention Interval, 
F (1, 8) = 13.35, p < .01, reflect the same 
sources of variation encountered in the com- 
average vertical displacements 
and linear trends over the retention interval 
discussed previously. The analysis also 
revealed five statistically significant but rela- 
tively unimportant interactions: Type of 
Probe X Retention Interval Linear, F (1, 
8) = 6.08, p < .05; Type of Probe X Reten- 
tion Interval Cubic, F (1, 8) = 69.30, p < 
001; Type of Probe X Subset X Retention 
Interval Linear, F (1, 8) = 645, p < 05; 
Subset Probed X Subset X Retention Inter- 
val Linear, F (1, 8) = 6.52, p < .05; and 
Type of Probe X Subset Probed X Subset 
x Retention Interval Cubic, F (1, 8) = 
6.34, p < .05. 

As was the case in Exp. I, the mean pro- 
portion of errors for the RT response was 
greater for uncued probes than cued probes 
(.108 and .069, respectively). The ques- 
tionnaire provided introspective support for 
the conclusion that the cues controlled the 


set 
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preparatory process. To the first two ques- 
tions, “Did the numbers 1 and 2 which 
sometimes preceded the pairs of letters make 
your decisions easier or harder?” and “Why 
do you feel that the 1 and 2 made your de- 
cision easier or harder?” all nine Ss 
answered “easier” because they could “con- 
centrate on,” “think of,” etc., one subset 
rather than two. In response to the third 
question, “What did you think about while 
the numbers 1, 2, or 3 were on and before 
you made your decision?” three Ss said that 
they thought of both subsets when the 3 
appeared, but only the cued subset when a 


1 or 2 appeared. Six Ss’ responses to the 
third question were not clear. 


CONCLUSIONS 


The RT data of Exp. I and II support the 
conclusion that advance partially informative 
cues evoke differential preparatory processing 
of cued and noncued stimuli. The recall data 
of Exp. II strongly suggest that preparatory 
processing and rehearsal are the same process. 
The deleterious effect of attenuated preparatory 
processing is comparable to the disruptive ef- 
fect of interpolated activity (Brown, 1958; 
Peterson & Peterson, 1959). The facilitative 
effect of enhanced preparatory processing and 
the differential rates of forgetting for the first- 
and second-presented subsets are consistent with 
evidence reported by Crawford, Hunt, and Peak 
(1966), Hellyer (1962), Peterson and Peterson 
(1959), and Sanders (1961) that rehearsal 
strengthens, rather than merely renews, mate- 
rial being retained. Amounts and rates of 
forgetting in this and previous studies are not 
easily compared because free recall, rather than 
ordered recall, was used here. Also, the de- 
pendent variable used in this research (number 
of letters recalled) probably resulted in less ap- 
parent forgetting than the measure used in 
previous studies (percentage of correct ordered 
recalls) because the former is not sensitive to 
reciprocal intrusions of correct elements and 
inclusions of erroneous elements. 

The results of Exp. II also suggest that 
rehearsal can be selective, e.g., the advance- 
cueing RT procedure can be used to control 
which of a set of stimuli are most rehearsed. 
The fact that the advance-cueing RT procedure 
produced impaired recall of noncued stimuli as 
well as improved recall of cued stimuli suggests 
that the rehearsal of one set of stimuli can inter- 
fere with the rehearsal of other stimuli. It 
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appears, therefore, that overt interpolated an 
ity is not a necessary condition for Meme 
tion of rehearsal and that an unfilled interva’, 
i.e., the absence of overt activity, is not a SU t 
cient condition for (nonattenuated) rehieats i 
The findings of these experiments lai 
Sternberg's (1968) conclusion that one func : j 
of rehearsal is to make information 1n yi 
term memory more accessible. The RT 
of Exp. I suggest that the advance-cueing ^. 
procedure affects the accessibility of in f EXP: 
tion in long-term memory. The results 0 uid 
II strongly suggest that the process Wi" 


"wy ÍS 
mediates these changes in accessibility 
rehearsal. 
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SUPPLEMENTARY REPORTS 


FRUSTRATIVE REWARD * 


K. T. STRONGMAN ? AND P. E. WOOKEY 
University of Exeter 


Four groups of rats received 80 training trials in an L-shaped double runway. 
Groups E(0) and E(2) received one food pellet in Goal Box 1 (GB:) and 


two pellets in GBs. 


reward in GB; on 50% of the occasions, whereas 


reward (two pellets) 50% of the time. 
Running times in Runway 2 demonstrated 


, but also provided evidence for a “frustra- 


controls for response suppression. 
the usual frustration effect (FE) 


ue reward” effect in that E(2) showed an 
rief experience with increased rewar 


Whi ; 
Je dae siderable emphasis has been placed on 
Situation (A reduced reward in the double-runway 
Other varia msel & Roussel, 1952; Wagner, 1959), 
‘Enored a ong in reward have been generally 
increased he present study compared the effect of 
fion effect GE) on the well-established frustra- 
Met, t). 
Prague ds Twenty male hooded rats of the 
ginning ape, strain aged about 150 days at the 
omly divid training, served as Ss and were ran- 
“Xperim, ded into four groups of 5. During the 
from, went, 1 S died, and the data presented are 
© remaining 19. 
“shaped double runway constructed of ply- 
and Goal The start box (SB), Runway 1 
and | al Box 1 (GB:) were painted mat 
oal Be a wooden floor, while Runway 2 (As) 
ing Age 2 (GB) were mat black with a floor 
" perforated zinc. All wooden interior 
iarhish Were coated with clear polyurethane 
has and The start and goal boxes were 12 in. 
“ight ot Tunways were 60 in. long with a 33-in. 
Which Wal a 3-in. width throughout, except for GBs 
pered Ed 5 in. wide. The entire apparatus was 
tood 1 With hinged sections of clear Plexiglas and 
Sas S in. above the floor. In GB: the food cup 
it the E o" aluminum tray located at floor level 
Ww Was t of the box, whereas in GB. a larger 
all of co 1 in. from the floor on the en 
Xte Ox. 
ad Bay’, [ON IMDb sliding doors separated 
in ue of co], Bs from the runway. Each doo 
In hade io ed Plexiglas, the sides correspo? ing 
Who, ^ a ph hat part of the maze which they m 
op Ve the A otocell was situated in the wall 1 in. 
segs ph oor and 12 in. from GB» Interruptions 
ond ine cell beam activated a Venner milli- 
diy er, which stopped when 2 second photo- 
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During 40 subsequent test trials, E (0) experienced non- 


E(2) experienced increased 
Groups C(0) and C(2) served as 


FE on normal test trials after 


d on experimental test trials. 


cell beam located a further 36 in. along As was 
broken. 

The experiment lasted for 50 days, this period 
being divided into three sections. The Ss were not 
run on Days 11, 14, 19, 22, 23, 25, and 40 due to 
apparatus difficulties. The Ss were trained in 
blocks of four, a block containing one S from each 
group. 

Days 1-6 were spent in habituating Ss to handling 
and reducing their weight to approximately 80% 
of free feed level, allowing 3 hr. of feeding follow- 
ing the time at which their block would later be 
run. Subsequently, this 21-hr. regime was con- 
tinued with the addition of a growth allowance of 
596 of prior free feed weight. On Days 7 and 8, Ss 
explored the runway with all doors open for an 
overall total of 24 min. During these times, the 
goal boxes contained no food. At 10-min. intervals 
on Days 9 and 10, each S was placed four times 
into a separate goal box, similar in construction to 
those of the runway. On Day 9, the food tray 
contained a pellet of Ss' normal diet together with 
a number of pellets of the type later used as 
reward; on Day 10, only the latter were present. 

During experimental training (Days 12-39), the 
procedure for an individual trial was as follows: 
S placed in SB; start door opened when S faced it; 
S traversed A, entered GB:, receiving food or not 
according to the experimental plan; retrace door 
of GB: closed; 10 sec. after entry into GB,, start 
door opened, allowing access to As; S traversed 
As, entered GBs, and received food; retrace door of 
GB. closed, and S removed as soon as food con- 
sumed. The four groups received .45-mg. dextrose 
Noyes pellets according to the following schema: 
E(0)—one pellet in GB, two pellets in GB; 
E(2)—one pellet in GB, two pellets in GBs; 
C(0)—zero pellets in GB:, two pellets in GBs; 
C(2)—two pellets in GB, two pellets in GBs. 
During this training period, each S received 80 
trials: 1 on Days 12, 13, and 15; 2 on Day 16; 
3 on Day 17; and 4 on each subsequent experimental 
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n more than 1 trial per day was run, 
end interval for individual Ss was 10 min. 
The test period (Days 41-50) differed from the 
training period for E(0) and E(2) on half of 
the 40 possible trials. Thus on 20 of the test trials, 
E(0) experienced nonreward in GB;, whereas E(2) 
encountered an increased reward (two pellets) in 
GB. The experimental trials (T) for E(0) and 
E(2) were interspersed with normal trials (N) 
according to the following schedule: NTNT, 
TNTN, NTTN, TNNT, NNTT, TTNN, TNTN, 
NTNT, NTTN, TNNT. Thus in each block of 
8 trials, half were N and half T, one of each occur- 
ring in each of the four daily Dositions to counteract 
any possible order effects. During this test period, 
C(0) and C(2) continued to receive the same 
number of pellets as previously. On all trials, 
running time in À» was recorded, 

Results—For each block of eight trials (the 
first block covering Days 12-17, subsequent blocks 
representing pairs of experimental days), the 
median running time in As was calculated for each 
S. In the case of E(0) and E(2) during the test 
period, separate medians (each of four trials within 
the block) were computed for normal (N) trials 
and test (T) trials. 

Table 1 shows mean median running time in As 
for E(0) and E(2) during the test period. The 
normal FE is evident in E(0), running time on 
nonrewarded trials being significantly faster than 
on rewarded trials, F (1, 16) —12.51, p « .005. 
Comparison of the performance of E(0) with that 
of C(0) revealed no evidence of response sup- 
pression, the running times of the two groups not 
differing significantly on rewarded trials during the 
test period, F (1, 35) —.15, p.05. Further 
evidence that, with the quantities of reward used, 
response suppression due to prefeeding in GB, 
does not occur derives írom the lack of signifi- 
cant difference between the test period performance 
of C(0) and C(2), F (1, 35) =1.16, p>.05. Of 
greater interest is the performance of E(2), where 
Ss received an increased reward in GB; on half of 
their test trials. After the initial block in this test 
period, Ss ran faster following their normal reward 
in GB, than after an increased reward. This differ- 
ence, including the initial reversal, is significant, 
F (1, 16) = 449, P-.05. No difference was ap- 
parent between test trial performance and the 
previous training level, implying that a few trials 
of experience with a greater reward than that 
given during training are sufficient to provide a 
"frustrative reward" effect when Ss are presented 
with the training reward. Comparison with control 
group data confirms this, ruling out the possibility 
of response suppression on higher reward trials. 
There were no significant differences between E(2) 
performance on these trials and that of C(2) 
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TABLE 1 


S MSE! TEST 
MEAN MEDIAN RUNNING TIME (IN MSEC.) IN 
hj Perion For E(0) AND E (2) 


” EO E(2) 

blocks | Experi 
jock . e zxperi- 
Normal Experi: Normal mental 
1,033 

u 939 895 1,095 
12 1,003 880 948 1.092 
13 925 884 946 1036 
14 873 837 965 95 

15 1,028 896 933 


and C(0) during the test period, F (1, 40) = 3.71, 
p> .05; and F (1, 35) =.89, p >.05. brief 
Discussion.—The present results show that frus 
experience with increased reward renders d e 
trative a reward of which S has had consider? ) 
experience, This is in accord with Bolles’ (1 e 
who suggests that incentive effects seem T iit 
dependent on Ss' recent history of reinforce, a 
than on the whole history, but at variance S that 
study by Roussel (1952). The latter showed. the 
when reward was available in GB: on 50% ae of 
trials from the beginning of training, the eec 
nonreward were not discernible until after apa in 
trials. This discrepancy may be variabili Me 
performance at the start of training, masking 
differential effects. 1 by 4 
The frustrative reward effect is' supportec usin 
second experiment of similar design, “i asi 
smaller groups, a 24-hr. intertrial interval, cedure 
brief test period. However, the present Pal frus- 
is not directly comparable with the aU para- 


tration procedure—nonreward in GBi. total 
digm is more comparable with a less than This 
reduction of reward to produce frustration. does 
typically leads to a less pronounced FE that 965): 
nonreward (e.g, McHose & Ludvigson, more 
The frustrative reward effect should ae GB: 
marked if Ss were trained with no reward 1! 
and subsequently rewarded there. 
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CORRECTION OF FALSE MOVES IN PURSUIT TRACKING 


RONALD W. ANGEL? anp JOSEPH R. HIGGINS? 
School 0} Medicine, Stanford University 


T j i i 
en Ss were tested on a pursuit tracking test under display conditions that 


caused them to make false moves. 


was longer than the mean latency of correct moves. 


The mean latency of the false moves 


The mean time needed 


to arrest false moves was less than the mean time needed to initiate any 


motor response, whether correct or incorrect. 


Forty-one percent of the 


X moves were arrested in less than the estimated minimum time needed 
process visual feedback. The data confirm previous reports that Ss are 


able to correct errors more quickly than 


Sev, ] 
stimuli ai, CXDeriments have shown that when two 
he late, Parated by an interval of .5 sec. or less, 

ency of tl A , 
that of the fi the second response is longer than 
Welford Hse, In order to explain this finding, 
bac rom tl 2) has suggested that sensory feed- 
tral mech; he first response may “capture” the cen- 
delay enum for a brief period and thereby 

i AME of a second stimulus. More 
GERE er, Gibbs (1965) has found that 
ti, 9€. from pecudes be amended within 
"ON shows A: he time they begin. This observa- 
Y necessarily i feedback from one movement does 
(Pose, o, increase the latency of a succeeding 
Y rapid c n the contrary, Gibbs inferred that 
TePtioceptive feeds responses were facilitated by 
f e experime, feedback from the incorrect moves. 
tm the «nents reported in the present paper con- 
T Moi s E of Gibbs. 
aging Gen men and five women, of ages 
; CUrsor ine 18 to 45, used a joy stick to position 

d land on an oscilloscope and track a target 
Ps se movement to the right or left was 
ag 7) Which Pag of a potentiometer and a tachom- 
pe) Proportt ere coupled to the joy stick. Volt- 
and Were ional to position and velocity of the 
tape op orded. on magnetic tape along with a 

er ing position of the target line. The 
mag iP-chart signals were displayed by means of 

TE 9^ the recorder, and measurements Were 
p the Dositi Paper (see Fig. 1 and 2). 

* Who Opec of the target line was controlled by 
dig Cupy ee a hand switch, causing the target 

Y tube 3 of three positions: the center of the 

k con cm. to the right, or 3 cm. to the left. 
ando sisted of 140 target steps, which ap- 
m but actually followed the same order 

ang d to the When the target was centered, it 
ate ight or left with equal probability, 

vq Ever Tur. followed by a return to 

A © Tight 2. lock of 20 steps contained 5 jumps 

Second’ to the left, and 10 back to center. 
D Switch, also operated by E. determined 
“horat at a 


jCeently, 
DCOrrect 


Ww. Angel, 


Serra Boule- 

elp the üthors 4 ,California 94304. 
ule Stctiseiph to thank Byron W. Brown, Jr., for help 
se analysis and Norman H. Mackworth for 


they can respond to external stimuli. 


the directional relation. between control and dis- 
play. When this switch was in the "positive" 
position, the joy stick and the display cursor moved 
in the same direction. When the switch was in the 
"negative" position, the joy stick and the display 
cursor moved in opposite directions. On the first 
40 target steps, the control-display relation was 
positive. On Steps 41-80, the relation was nega- 
tive. For Steps 81-120, the relation was changed 
after each block of 10 moves, as illustrated in Fig. 
3. For the final 20 steps, the control-display rela- 
tion was changed after every recentering move. 

The E, who was seated behind S, monitored the 
display tube and made sure that the display cursor 
was superimposed on the target before switching 
the target line to a new position. Since the dif- 
ferent Ss required variable times to complete their 
moves, it was not feasible to standardize the interval 


between the completion of one response and the time 


of the next target step. In view of the fact that 
ion time, the inter- 


temporal uncertainty affects reacti 
vals between successive target steps were recorded 
3 el 


POSITION 


VELOCITY 


25 enn] 


sesp-———^73—— — i^ 
e—a 


500 m sec 


Fio. 1, Tracking response with incompatible control-display 
relation. (Top line: position of joy stick. — Second jte 
velocity. 7 Downward deflections, indicate move to right. 


trace begins, velocity is zero. At the time shown 

lower line, target Tamps 3 cm. toward the left. ui After a 
latency of 200 msec. [L1], joy stick begins to move to the 
right. Velocity returns to Zero level 380 msec. aíter target 
step [Z1]. Duration of the initial move is 180 msec. [Z1 


minus L1].) 
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3 e| 


POSITION 


VELOCITY 


25 en 


TARGET / 


500 m sec 

Fic. 2. Incorrect tracking response. (Step on bottom line 
shows time when target jumps 3 cm. to left. After a latent 
period of 267 msec. [LI], Joy stick begins to move leftward 
and the response marker [not shown] moves rightward, addin; 
to the error generated by track. The false move is arresti 
at time Z1, 367 msec. after target step. Duration of false 
move is 100 msec. [Z1 minus L1].) 


and measured along with the other data. The 
interstep intervals were found to range between 2 
and 4 sec, but the variance was approximately the 
same for different Ss and different parts of the 
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gether. Of this total, 141 were found to be ne 
moves (FMs), defined as moves in which i 
initial acceleration caused the response marker 
move away from the target. The number of it 
varied from 6 to 21 per S, the group mean of Thé 
being very close to 10% of the total series. ei 
errors were not distributed randomly througho 
the track, but tended to occur when Mie oe 
of the control-display relation was negative ding 
Fig. 3). This agrees with Gibbs’ (1965) fin ma 
that the frequency of errors was much greater W 
the incompatible display was used. +o times 
In order to determine the mean reaction e 
(RTs) for correct moves (CMs), measurem i 
were taken from all correct responses ma sent 
Steps 71-80, which were selected to repre lay 
optimal performance with the negative disp 
polarity. The mean RTs ranged from 237 PU 
msec., the group mean being 300 msec. The the 
RTs for FMs ranged from 245 to 480 msec» he 
group mean being 357 msec. The difference Ont, 
group means for CMs and FMs was sign! id 
t (9) —32, p.01. This result agrees Yin- 
Gibbs' (1965) finding that on probable at ‘a 
equivocal steps, the errors were associate ecte 
longer latencies, ie. the opposite of the exP 


track. Hence none of the effects reported can be relation between accuracy and speed. the time 
ascribed to differences of temporal uncertainty. The duration of any move was defined as "clocit 
Results and discussion—Each of the 10 Ss made from onset of movement to the time when V mean 
140 moves, so that 1,400 moves were recorded alto- became zero (see Fig. 1 and 2). The 
Bl] vous positive 
ES roay NEGATIVE 

2 

> 

o 

= 

w 

3 

č 

m 

o 

x 

Ed 

2 

= 

> 

z 
BLOCKS OF 10 MOVES Wi 


Fic. 3. Numbers of false moves occurrin; 
move depends on the polarity of the feedback display. 
conditions, and relatively few false moves occurred. 
display, and many false moves were obtained. 
target steps.) 


g in different portions of fe backing task. 

e moves in Bloc! Y ci 
The moves in Blocks 5-8, 10, and 12 were made with the each 
In Blocks 13 and 14, the polarity of the display was changed afte 


far 
A a 

2 ining fispa” 
The probability of obtaining displi 
Tok, aud di ie ade der normo pat ot 
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duration of z 
Is cres CMs in response to Target Steps 
being 362 m from 168 to 571 msec., the group mean 
from 156 t 27 The mean duration of FMs varied 
msec, TEA 76 msec., the group mean being 215 
CMs, t (9 ee 147 msec. less than the mean for 
» t (9) = 45, p < 005. 
a Dua e their own FMs within so short 
feedback fro e corrective responses based on visual 
(1968) hav, y the display? Keele and Posner 
ime necessa ound that the minimum amount of 
Movement ata to process visual feedback from a 
ments, the 0-260 msec. In the present experi- 
Insee pop mean for amendment times was 
times Rete te for three Ss the mean amendment 
9f all FMs uds v» 190 msec. Moreover, 41% 
less than 190 ee the 10 Ss were arrested within 
rg are arrested before any visual feed- 
us for oe effective, what provides the 
(1965) the very fast corrective responses? 
ring t postulated that Ss use proprioceptive 
tiv o provide the fast correction times. An 
* possibility is that the brain monitors 


back 
Stimul 
ibbs 
Monito 
erna 


Joy, 
1969"%, o, : 
UP val. BEP RIZE Pracholory 
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and records outgoing motor impulses, amending 
those which do not agree with the intended plan of 
action. 

The findings confirm the work of Gibbs (1965) 
and also agree with Rabbitt's (1966) conclusion 
that error correcting responses are faster than 
equivalent, correct responses. It appears that Ss' 
internal monitoring of their own responses may 
allow them to correct errors more quickly than they 
respond to any external signal from the display. 
No evidence was found to support the view that 
proprioceptive feedback delays the response to 
stimuli arriving during movement. 
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SED REPETITION OF ONE PAIR HAS 


ON OTHER PAIRS IN A LIST? 


GEORGE W. McCONKIE? 


Department of Education, 


It was hypothesized that a m 
facilitates the recall of other p: 
six-pair lists with Murdock-type 
massed repetition at Serial Position: 
list as a whole, and there was a stri 
at points corresponding to t 


a this effect (Atkinson 
Bs tan iG & Rubin, 1966) have assume 
d. otal learning occurs when repetitions are 
in ting of n alternative hypothesis is that the 
change Presentations of the same item results 
the E in the rehearsal pattern for the list, so 
ath qi . i 

ah et SP o gpi nr qf Roin 
T reprints ah t to George w. 
should be sen sere sity, 


a, i e| D 
Now York 13505 of Education, Cornell 


Cornell University 


assed repetition of one word pair in a list 


airs in that list. was. € 
tests of individual pairs in the lists. 
s 1, 3, or 4 resulted in better recall of the 


king absence of pea 
he repeated pairs. 


This was confirmed using 


A 


ks in the recall curves 


the extra time comes to benefit not the repeated 
item, but other members of the list. Specifically, 
it might be expected that Ss spend their time dur- 
ing the massed repetition of one pair in rehearsing 
previously presented pairs, thus strengthening them 
rather than the repeated pair. 

The present study was designed to test whether 
a massed repetition of one word pair in a list raises 
the recall probabilities of other pairs in that list, 
as suggested previously. This was accomplished by 
presenting six-pair lists with a massed repetition 
of one of the pairs in some lists. Recall for all 
jtems in the list was tested with the method used 
by Murdock (1964). 

Method.—Sixty lists of six word pairs each were 
constructed by randomly pairing common English 
words (frequency between 50 and 100 per million 
according to the Thorndike-Lorge, 1944, word 
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count) and arbitrarily assigning these pairs to lists 
in such a way that no two stimulus words in a list 
began with the same letter. : 
The lists were projected on a screen one pair 
ata time. There were five presentation conditions: 
either the first, third, fourth, sixth, or none of the 
pairs in the list was presented twice in immediate 
succession (Cond. D1, D3, D4, D6, and 6, respec- 
tively). Five groups of Ss each received a dif- 
ferent order of these presentation conditions, but 
with the lists of pairs always in the same order. 
Thus, each list was presented equally often under 
each presentation condition. Following the pre- 
sentation of a list, each S drew from an envelope 
a slip of paper containing a single word. He then 
attempted to recall the word which was paired 
with that stimulus and he wrote the response on the 
paper. Since each list had six pairs, one-sixth of 
the Ss were tested on each of the pairs following 
the presentation of each list. This was assured 
by preparing six recall orders, among which Ss 
were equally divided. The five presentation condi- 
tions and six recall conditions yielded a total of 
30 conditions. Each S was tested 60 times, twice 
under each condition. A total of 90 Ss, all Cornell 
University undergraduates, were tested in groups of 
from 5 to 10 each. 
The word pairs were presented for 2 sec. each, 
with 1 sec. between pairs. Nine seconds were 


LOT PRESENTATION CONDITION 


6 
—.— p4 


---- D3 
e D.4 


.80 


— DA. 


PROPORTION CORRECT 


20 


1 2 3 
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allowed for recall, and there was a 9-sec. rest 
prior to the beginning of the next list. ] 
Resulis—The data are summarized in Fig. b 
which shows the proportion of the pairs recalled at 
each serial position under each presentation o 7 
tion. Each point summarizes the data from 1 
observations. | Arrows indicate the pairs which 
received massed repetitions. The most striking 
feature of these curves is the absence of peaks cor 
responding to repeated items. It is clear that E 
peating a word pair has a more general effect © 
the shape of the curve, rather than simply eas 
the probability of recalling the repeated pair e 
self. Those lists in which the first, third, or four 
pair was repeated show a general elevation of rec 


ed : ae er 
probability for the first four serial positions oi 
the control condition. On the other han bosi- 
control list was actually recalled best at Serial ed 


tions 5 and 6. Repeating the final pair rest =, 
in a general decrement in recall, rather than 1 | 
facilitation as found when other pairs were repeat 

A five-way analysis of variance was carried pa 
with two factors between Ss (order of the presen s 
tion conditions and order of the recall condition 
and three factors within Ss (first 30 vs. secon’. 
lists, presentation condition, and serial pos 
tested). Two main effects were significant: 
serial position effect, F (5, 300) = 15607, ? £0 Z 
and the presentation condition effect, F (4, 2 


SERIAL POSITION 


Fic. 1. 


Proportion of word pairs recalled correctly. 


(Arrows indicate points corresponding to pairs 


which received a massed repetition.) 
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5.59, 
» P«.001. A Newman-Keuls test among the 


Presentati iti à 
Sue oU conditions yielded the following 
P " 

resentation condition: D6 6 Dl D3 D4 


pU 
Oportion correct: — .434 .466 489 489 .513 


Propor i . 
b means which a à common underline correspond 
level. Th are not significantly different at the 
Ondition diem Serial Position X Presentation 
)-130 action was not significant, F (20, 
ect of a a P2 05, indicating again that the 
a massed repetition is on the entire list, 


Father 

t j 

a = or on the item repeated. 

Thirty Tee Position x First Thirty vs. Second 
S interaction was significant, resulting 


Main: 
Y fro i 
m a disappearance of the primacy effect 


Ner ai 
(Murdo ioi commonly observed phenomenon 
peich Were pi Other higher order interactions 
ae Word pai nificant involved recall order. Since 
ae dune fee always in the same serial posi- 
werent Ed i presentation, Ss receiving the six 
u ets of ES orders were being tested on differ- 
ese interd pairs, which probably gave rise to 
+ MCI : 
pitate that qa ie results of the present study 
li Can Pean massed repetition of one pair in à 
la, In fact, Es the recall of other pairs in that 
ene’ as that bci m effect on other pairs can be as 
m oes not the repeated pair itself. Also, this 
by’ Prior to seem to be restricted to just those 
3 simple p a repeated pair, as might be predicted 
Is Pects of the data are particularly puzzling. 


Dr obvi ly 
Dd im im why the control condition should 
tion CW of t est recall at Serial Positions 5 and 6 
he absence of a significant Serial Posi- 

only 


> 
res i fet a n 
Sentation Condition interaction, 
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pare studies can indicate whether this is a stable 
phenomenon under these conditions. Also, it is 
dificult to understand why the recall for "Serial 
Position 5 was so poor for Cond. D6. It is clear 
that whatever Ss were doing during the repetition 
of the sixth pair in the list, they were not effectivel 
rehearsing the immediately prior pair. : 

1f further research should indicate that while the 
massed repetition of a pair results in increments 
to other pairs in the list, a spaced repetition tends to 
concentrate the effect on the repeated pair itself, this 
would serve as a resolution of the discrepancy be- 
tween the massed vs. distributed repetition effect 
and the total-time hypothesis (Cooper & Pantle, 
1967). About the same amount of learning may 
occur under both massed and distributed presenta- 
tions so far as the total list is concerned, but if only 
the recall for repeated items is measured, the 
data may show much greater learning for the 
distributed than for the massed pairs. 
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The Ss encouraged to use a mnemoni 
were facilitated in their learning of 


compared with Ss not so instructed. 


superior for the mnemonic group. 


AND BONNIE ZAVORTINK 


Georgetown University 


c rhyme ("1 is a bun, 2 is a shoe,” etc.) 
four sets of number-word pairs when 
In addition, test-list recall was 
These results generally support those 


reported by Bugelski, although certain differences between experiments are 


noted and discussed. 


Bugelski, Kidd, and Segman (1967) reported an 
experiment in which Ss were instructed to use a 
prelearned mnemonic rhyme (“1 is a bun, 2 isa 
shoe," etc.) in making up bizzare visual images in 
order to recall a series of 10 words. Under the 
slowest study rate (8 sec. per word), the experi- 
mental (E) group, which was instructed to use the 
mnemonic, achieved nearly perfect recall (97%), 
while the uninstructed control (C) groups did con- 
siderably worse (67%). Ina later study, Bugelski 
(1968) found a continued superiority of the E group 
on successive word series, although the effect tended 
to diminish with successive lists and was no longer 
reliable on the last series. 

The present experiment, conducted independently 
of the latter study, also investigated the persistence 
of the instructional variable, with some potentially 
important methodological changes from the earlier 
studies. With the exception of one comparison that 
is mentioned later, however, these changes did 
not affect materially the results reported previously. 
Thus, they are listed briefly: (@) Each list was 
learned to a criterion of one perfect recitation 
instead of the single study-recall sequence used by 
Bugelski (1968). (b) Number stimuli were pre- 
sented during the study periods; it is not clear 
from Bugelski's descriptions whether or not the 
testing stimuli were given explicitly in his experi- 
ments. (c) The importance of the stimulus order- 
ing during pretraining and testing was assessed; 
Bugelski always presented the material in an 
ascending order, which was necessary to define the 
ordinal positions of the words in the series. (d) 
For the first test list, the C group included here 
approximated an A-B, C-D control for nonspecific 
transfer. In comparison with his E group, Bugel- 
ski’s two C groups (cf. Bugelski et al, 1967) may 
have suffered in one case from negative transfer 


and in the other from an absence of nonspecific 
transfer, 


Method.—There were two C and four E groups, 
the forme: 


r being pretrained on 10 pairs of rhyming 
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words and the latter on 10 number-rhyme pairs. 2s 
Ss then received four test lists in which the num? 
1-10 were stimuli and unrelated words were 
sponses. One of the C groups studied th 
word test lists in ascending numerical orders ind 
the other received a random but consistent oF the 
of the pairs. Two of the E groups receive k 
ascending order of presentation and two the raided 
In addition, the E groups were further subdi ne 
with regard to the consistent ordering of ^ E^ 
ber-rhyme pretraining, in ascending order 
and random order for the other. " 

Pretraining materials for the E gru 
sisted of the 1-bun, 2-shoe rhyme listed by din 
(1968). The same response words were ipm 
C group list, but a word that rhymed s e£ 
response was substituted for each numbers the 
PuN-bun, CLUE-shoe, etc. The responses a the 
test lists were two-syllable concrete nouns ;ndike 
1-10 frequency range chosen from the Eu wert 
Lorge (1944) count. Four sets of 10 WO of 
selected randomly, and two different pair! airing 
numbers and words were formed. Each P 
was used equally often. ion con* 

For pretraining in the random presentati ups 
ditions of the E groups and in the two 


ea! 
two different presentation orders were Use erica! 
for half of the Ss of a group. Since the nU ained 
ordering of the stimuli on the study trials TO” ups 
the same on all trials for the ascending E do? 
the same random ordering was used for the r hes? 
groups with each list they received. gem? 
latter groups, however, the particular arT27? «def 


order changed on successive trials for 4 E 
Four different random test orders were ed the 
for each list. Four different sequences 9 ally 
test lists were used so that lists were €g" 
resented at each stage of practice. 
The pairs were presented on a 
drum and an alternating study-test proc 
employed. The pretraining was cu a 20e 
successive perfect trials for all groups, E o i 
rate for both study and test trials. P US b 
administration of the test lists, the E grow rmi” 
instructed to use the pretraining list 1 
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TABLE 1 


MEAN N 
vaT RECALLED ON TRIAL 1 AND MEAN TRIALS 
RITERION ON Foun TEST LISTS 


Test lists 
Comparisons 
1 2 
Em 3 4 
ontrol 
Experi 4.84 4.34 4.69 4.59 
Criterion etel 6.95 6:52 6.52 | 639 
ontri 
Exper 3.38 3.47 | 353 | 3.66 
RR 2.66 2:88 233 | 248 


bizarre ; 
e ieee Pennee the stimuli and responses of 
0 learn the ; the C groups were instructed merely 
criterion re The test lists were learned to 
Presentation one perfect recitation, with a 6-sec. 
Mately 2 mi Qs and a 4-sec. test rate.  Approxi- 
Owing the T elapsed between successive lists. Fol- 
given 5 mi earning of the last test list, Ss were 
ists opposite to write down the words of the test 
here wi e the appropriate stimulus members. 
Students fulfil 16 Ss per group, half of whom were 
om WT filling class requirements and half of 
Student Be paid volunteers obtained through the 
Tandomized et bureau. The six conditions were 
irings w separately 16 times; list orders and 
The $5 ule balanced over the 16 running blocks. 
order dr. c eiee] to a particular condition 
esults arrival for the experiment. 
the ord and discussion—For the cases in which 
Affe penus of the stimulus materials did not 
Classig c ormance, the data presented ignores these 
the ati ions, although they are still retained in 
k pacal analyses. 
Darah iy Pletraining tasks proved to be of com- 
poing 5 iculty, with the combined E groups re- 
ink 90 trials and the C groups 5.94 trials, 
First. 
essi 


€ performance and criterion scores On 
Wa, listed lists for the combined E and C groups 
ie a pies Table 1. With both measures there 
ur lists co Superiority of the E condition over the 
ang mbine, F = 36.50 for Trial 1 perform- 
to th d for criterion performance. Con- 
twee Was e findings of Bugelski (1968), however, 
bro Broup No suggestion of a convergence of the 
Snotneey 9". the later lists. It is possible that the 
this  SDerin improvement shown by the C group 1n 
ef. Toup nent may have been due to the fact that 
inet ho Ced no pretraining, so that practice 
dig Terence = est list learning may have exceeded 
uy m effects. In addition, the C groups 
OW the saw-tooth function that was ob- 
tebe iment Bugelski, This discrepancy between 
s S may be attributable to use of a cri- 


fe. on 

qute the test lists in the present study, à pro- 

sete of ich would tend to more nearly equate 
t id Bugel- 


telist i ; han woul 

l interference than 

Th Bat tudy-test trials. 

Ctly ts of the recall test, scored in terms of 
Paired responses, are shown in Fig. 
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Fic. l. Mean number of words recalled from the four sets 
of test lists. 

As would be expected, recall increased as a 
function of list position, F-17180. More im- 


portantly, the E groups gave significantly more 
pairs than did the C groups, F = 29.38, and there 
were two significant interactions both involving 
list position. More specifically, a significant two- 
way interaction, F (3, 270) 27.95, p<.01, ob- 
tained by collapsing across presentation order, is 
the result of equivalent recall of the last list by the 
E and C groups and superior recall by the E group 
on the earlier lists. This conclusion must be 
tempered somewhat because of the significant three- 
way interaction of list position, the E/C variable, 
and stimulus ordering of the test lists, F (3, 270— 
4.08, p < .01. Essentially, the order of the stimuli 
on the test lists had no effect for the E groups, but 
was a relevant variable for the C groups, with 
higher recall being found on the early lists by the 
group receiving a new random ordering of the 
stimuli on successive lists. 

These results deviate from those reported by 
Bugelski (1968) in several important ways: (a) 
There is no difference between the present E and C 
groups on the final list, but a reliable one for 
Bugelski, a discrepancy which is undoubtedly due 
to the fact that Ss were taken to a common per- 
formance criterion in the present study. (b) Both 
the E and C groups show increasingly poorer recall 
of the earlier lists; Bugelski found only small dif- 
ferences among the lists for the E group, but a 
sizable drop for the C group (c) The E-C 
difference remained relatively constant over the 
earlier lists when the ordered groups are con- 
sidered, but was nearly eliminated in first-list 
recall when the two random-presentation groups 
are compared ; while not evaluated by Bugelski, the 
E-C difference he obtained was larger for the 
earlier lists. 

For recall of the first list, a comparison of the 
E and C groups receiving the more typical, i.e., ran- 
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dom, stimulus presentation revealed equivalent per- 
formance. In this case, then, it appears that 
associations formed by the E group are not neces- 
sarily more resistant to retroactive inhibition (RI) 
than those formed by the C group, as has been 
suggested by Bugelski (1968) in his interpretation 
ofhis data. In contrast, however, a large difference 
is present for the two groups receiving the con- 
sistent order of presentation on successive lists, the 
procedure employed by Bugelski. It is possible 
that Ss in the consistent C group tended to use 
serial position cues in learning to a greater extent 
than did Ss in the consistent E group and that the 
constancy oí this position cue on successive lists in- 
troduced an additional source of interference for 
this particular group (cf. Keppel, 1964). 

In general, greater RI had been expected for the 
E group because of the íact that "forcing" Ss to 
use the same coding cues in the free recall learn- 
ing of two lists increases the amount of RI that 
is observed (cf. Zavortink & Keppel, 1968). Pre- 
sumably, then, if Ss in the E group are effectively 
forced to use the same image or mediator on suc- 
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cessive lists, a similar increase in RI should be 
found. In retrospect, of course, it really is not 
known for which group (E or C) the successive 
mediators are more similar in view of the fact that 
Bugelski’s (1968) Ss reported the use of fairly 
different mediators for each peg word over the six 
lists. As it now stands, therefore, no conclusion 
can be drawn from these data in this regard unt 
more is known concerning the functional similarity 
of the interlist mediators for the two groups. 
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ne conditions and characteristics of the rec 
ollowing the end of interpolated learning 
ee on retroactive inhibition. In Exp. 

function of the paradigm of transfer and t 
original learning (OL), IL, and the test of recall (MMFR). 


mental treatments, Ss learned three successive paire 
or the A-B, C-D, E-F paradigm. 


ing to either the A-B, A-C, A-D 


experimental arrangement the IL-test inter 
(TPI) was varied. 


the temporal point of interpolation 


yielded evidence of first-list recovery: first-list re 
of the IL-test interval and was greater when 
retention interval than when it immediately pre 
Recovery was found to depend critically on 
comparable 
produced by ma: 
recovery 
-B, C-B and A-B, B-C paradigms, and a trend 
d only for the latter. 
sis that recovery refl 
oí the tendency 
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the IL-test interval. In Exp. 
investigated under the A 
toward recovery was foun 
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overy oí first-list associations 
(IL) were examined in five 
. I-IV, recovery was studied as 
he temporal arrangement of 
In the experi- 
d-associate lists conform- 
In one 
val was varied, and in the other 
Both manipulations 
call increased as a function 
IL occurred early in the 
ceded the retention test. 
an adequate degree of OL. The 
for the two paradigms. Greater 
nipulation of the TPI than of 
oí backward associations was 


The results are viewed as 
ects primarily the dissipation 
established during IL to 


as the interval between the end of IL and 
the test of first-list retention is lengthened. 
Experimental tests of this hypothesis have 
focused on temporal changes in retention 
A-B, A-C paradigm as measured 


under the 
by the method of modified free recall 
(MMFR). The MMFR test has been 


viewed as providing a relatively pure mea- 
sure of unlearning on the assumption that 
ler this procedure is immune 


performance und 
to the effects of response competition and 


cannot be influenced by failures of list dif- 
ferentiation. 

"The evidence for spontaneous recovery ob- 
tained in studies of temporal changes in 
MMFR performance has been equivocal. 
For retention intervals ranging from several 
hours to a week or more, significant rises in 
first-list recall have typically failed to mate- 
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rialize, although there have been occasional 
exceptions (for a review of recent studies, 
see Postman, Stark, & Fraser, 1968). In 
such cases, the possibility remains open, how- 
ever, that recovery is counteracted by 
extraexperimental forgetting, ie., unlearned 
associations may recover and then decline in 
strength again prior to the delayed test. On 
that assumption, absolute rises in first-list 
recall should be found when the retention 
interval is sufficiently short to minimize ex- 
traexperimental forgetting. In a recent 
series of experiments (Postman et al, 
1968), reliable evidence for first-list recovery 
was obtained in fact after retention intervals 
of the order of 20 min. Internal analyses of 
these results suggested, however, that the 
rises in first-list recall probably did not reflect 
gains in associative strength as implied by 
the analogy to Spontaneous recovery, but 
rather were attributable to the dissipation 
in time of response set interference. 

The proposed interpretation of recovery 
takes its point of departure from the assump- 
tion that the basic condition of unlearning is 
the operation of a mechanism of response 
selection during IL. This mechanism is seen 
às exerting a critical influence on the avail- 
ability of the entire class of first-list responses 
rather than on the integrity of specific stim- 
ulus-response associations. The argument 
has been developed in detail elsewhere 
(Postman & Stark, 1969; Postman et al., 
1968). The critical implication for the 
analysis of the conditions of recovery is that 
the reduced availability of first-list responses 
on a test immediately after the end of IL re- 
flects the persistence of S’s set to limit him- 
self to the responses from the list practiced 
last and to suppress the responses from prior 
lists. The assumption that such response set 
interference contributes to retroactive inhi- 
bition (RI) at recall is in accord with the 
hypothesis of generalized response competi- 
tion proposed by Newton and Wickens 
(1956). The present interpretation holds 
that set-produced interference plays a major 
role in bringing about the reduced availability 
of first-list responses at recall. The selec- 
tive response set, which is established during 
IL and entails the suppression of earlier re- 
sponses, is assumed to be reversible and to 


dissipate over time. Consequently, Det 
responses become more available after ua 
tention interval than immediately following 
the end of IL. , 
Several findings converged on the conclu 
sion that the rises in first-list recall oee 
after relatively short retention intari 
flected the dissipation of response set es 
ference: (a) Significant evidence of recov pid 
was obtained only on tests requiring go 
duction of the responses, ie., MMFR fje 
uncued free recall. There were no T€ p 
changes in interference when retention iye 
measured by the method of eri re- 
matching. It should be noted that 6m » 
sult was all but predetermined by p a 
that a test of associative matching d 
only a relatively small amount of RI a eH 
ately after the end of IL; thus, there "ement 
a very limited opportunity for impro" sts 0 
over time. The differences among te ecific 
retention imply, of course, that. T re 
stimulus-response associations are hig initia 
sistant to interference, so that both the d I 
level and the subsequent reductions avail- 
are determined in large measure by pu 
ability of the responses per se (cf. is most 
& Stark, 1969). (b) Recovery ! ag d€ 
likely to be observed under Send onse 
signed to maximize the influence of re i the 
set interference, Such conditions vien at 
reexposure of the interfering respor jn er" 
the time of recall and practice on then 
polated lists rather than one. . (c) rated ^ 
are required to recall the interpo tematic 
well as the original lists, there are sy n 
shifts in the order of output of the re nost 
the priority in the order of recall of : 
recently learned list is less pronounc 
delayed than on an immediate test. 
formance on MMFR tests is suscep terie 
proactive as well as to A pen al, 
ence (see also Houston 1967b; KOPP pno 
1963). Classical two-factor heo ae the 
predict proactive effects in MMER ' ject Us 
most recently learned list is not e im 
unlearning and the test is presum* get 


E e ^A 
mune to the effects of competition. — / 


per- 
cible i? 


:muli- 

i ‘ee stimul! e- 
different responses to qong amt tano 
possible interpretation is that the nal 5 » 
ous activation of alternative resP° , t 


tems interferes with the recall of 
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eal and the interpolated material, 
E lally after the set favoring the most 
ently learned list has begun to dissipate. 
he present paper reports a series of ex- 
ments that continue the investigation of 
Eus governing the recovery of un- 
On the associations, with special emphasis 
Cept of explanatory usefulness of the con- 
rad Leavers set interference. Two prob- 
Ria, eeu joint consideration in Exp. 
M, the relationship between first-list 
ing Ae and the conditions of transfer dur- 
Rede: (b) the internal consistency of 
Under dg gS in interference observed 
h erent experimental arrangements. 
e conditions of transfer during IL are 
coord to determine what is unlearned. 
McCovey 8 to the widely accepted analysis of 
tific st " (1964), both contextual and spe- 
ject to U'us-response associations are sub- 
Paradi unlearning whenever the A-B, A-C 
li io ca applies to these component habits. 
fo ania of unlearning is the same 
ents Contextual and the associative com- 
lona] oan; In particular if it has the func- 
sj Sees of extinction, both classes 
us e tong „should recover over time. 
to Spe "s paradigm of transfer may be taken 
also u y not only what is unlearned, but 
mount will recover. It follows that the 
y ue recovery should vary systemati- 
rations à the conditions of IL. The impli- 
the 4° Of this analysis come into focus when 
oe eae and A-B, C-D paradigms 
associate transfer are contrasted. 
Ass, Pecific and contextual associations are 
T am to be unlearned under the former, 
he fa textual associations under the latter. 
ist i that RI on an immediate MMFR 
CD is typically greater for A-C than for 
Wey, Consistent with this interpretation. 
soe CU, if specific as well as contextual 
ig oe recover, differential increases 1n 
Tecall as a function of time should 
OY ran: Teduce the difference between the 
Aa ?digms, That is, the degree of un- 
Ug Beg) subsequent recovery of um. 
ar qp ations should be equal for o 
i fc es Ems; rises in the availability : 
ite Ssociations should be an addition? 
Sp, gain in the A-C condition. 
Tecall increases over time but the 


peri 
the 


Ti 


assy 


of 
Boa” 


levels of performance under the A-C and 
C-D paradigms fail to converge, the validity 
of the model postulating extinction and re- 
covery of independent classes of associations 
is called into question. Such a finding would 
be consistent, however, with the assumption 
that the degree of suppression of first-list 
responses is directly related to the amount 
of associative interference during IL (cf. 
Postman et al., 1968, p. 690). The greater 
the degree of suppression, the more slowly 
response set interference should dissipate. 
Hence the gain after a retention interval 
would not be expected to be proportional to 
the amount of loss on the immediate test, 
and it would be possible for the difference 
between the A-C and C-D conditions to re- 
main essentially unchanged even when there 
is an appreciable amount of first-list re- 
covery. 

In the present experiments the amount of 
first-list recovery for the A-C and C-D par- 
adigms was compared over a retention in- 
terval of the order of 20 min. This interval 
was chosen for the reasons discussed earlier. 
Interpolated learning consisted of practice 
on two successive lists conforming to the 
same paradigm of transfer, a treatment found 
earlier to be favorable to the detection of 
temporal changes in interference. In the 
course of the experiments, recovery was 
measured after two different degrees of first- 
list learning. Thus it was possible to ex- 
amine the relation between the level of im- 
mediate recall and the amount of subsequent 


recovery. 


Apart from the comparison between par- 


adigms, evidence was obtained concerning 
the generality of the phenomenon of re- 
covery. While recovery under the A-C 
paradigm had been observed earlier, tem- 
poral changes in interference under the C-D 
aradigm remained to be demonstrated. The 
available findings concerning recovery in 
the C-D condition are inconclusive. Houston 
(1967a) failed to observe a change in RI 
after an interval of 1 wk. However, the 
level of recall on the delayed test was quite 
low, with the control group showing a loss 
of more than 50%. As is generally true of 
long-term tests, the conditions were clearly 
unfavorable to the detection of increases in 
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first-list recall. Saltz and Hamilton (1967) 
likewise found no reliable changes in recall 
for the C-D paradigm over intervals ranging 
from 1 min. to 24 hr. However, the initial 
retention loss was minimal (only slightly 
more than half an item), so that first-list 
recall could increase by only a negligible 
amount. It is interesting to note in passing 
that a small rise was observed in fact after 
a l-hr. interval. In any event, the authors’ 
conclusion from these data that contextual 
associations do not recover is inappropriate. 
Essentially the same limitations apply to the 
results of a study by Abra (1968), who 
found slightly higher recall for the C-D than 
the control condition on an immediate test 
and a small increase in RI after 24 hr. 
Finally, a methodological question relevant 
to these studies deserves brief mention at 
this point. In the experiments of Houston 
and of Saltz and Hamilton, nonsense syl- 
lables were used as the stimuli. In view of 
the inevitable overlap of letter elements be- 
tween successive sets of nonsense syllables, 
there is at least some formal similarity be- 
tween the stimuli in the two lists, and the 
defining conditions of the A-B, C-D treat- 
ment are not met. The use of nonsense 
syllables as stimuli in investigations of that 
paradigm is, therefore, inadvisable. 
Experiments I-IV also focus on the eval- 
uation of two alternative experimental ar- 
rangements that have been used to assess 
the recovery of unlearned associations. In 
the conventional design, original learning 
(OL) and IL occur in immediate succession, 
and the length of the interval between the 
end of IL and the test of recall is varied. 
Absolute increases in recall as a function of 
the interval of delay provide direct evidence 
for recovery. The alternative procedure is 
to hold constant the length of the interval 
between the end of OL and the test of recall 
and to vary the point at which IL is intro- 
duced. The more closely IL follows OL, 
the greater is the proportion of the total in- 
terval during which recovery can occur. 
Which temporal point of interpolation 
(TPI) will produce the largest absolute rise 
in first-list recall will depend on the speed 
of recovery, on the one hand, and the rate 


of extraexperimental forgetting, on the kd 
In any event, if the interval is appropria 
for the detection of recovery, recall er 
be lower when IL immediately precedes i» 
test of retention than when it occurs directly 
after OL. For the A-C paradigm, however 
no reliable differences in RI have been wn 
as a function of the TPI, either when Hy 
test of first-list recall was paced (Archer n 
Underwood, 1951; Newton & que 
1956) or when the MMFR procedure s. 
used (Houston, 1967c). In all er" in 
the retention intervals were long—49 P ‘the 
the first two studies cited and 1 wk. vetting 
third. Thus, extraexperimental forg acts 
may have served to mask systematic © yton 
of the TPI. For the C-D paradigm, pe 
and Wickens did find progressive dect zs 
in first-list recall as the OL-IL ae the 
increased from 0 to 24 to 48 hr. f first- 
investigators pointed out, the level 0% cp 
list recall was considerably higher in t forme! 
than in the A-C conditions, and the #0 y 
may have been more sensitive than the , 
to the influence of the temporal vari? s that 
It was on the basis of these finding the 
Newton and Wickens (1965) introduce’ rhe 


hypothesis of generalized competition: „nd 
greater the separation between the the 
IL, the less recall will be influence S om 
persistence of a set to give response now 


the list learned last. It can be s. re 
that the concepts of recovery a” 
versible response set interference & jatio? 
the same predictions regarding the the 
betwen RI and the TPI. According | Q0 
present analysis, spontaneous rein the 
the extent that it occurs, is reduci im i 
dissipation of response set interferm™ ence o 
light of these considerations, the I? immed 
the TPI (immediately after OL n xami”? 

ately before an MMFR test) was 7€ it 
for the A-C and C-D paradigms, W 


enerat 


i 
«3 
: in. 
tention interval of the order of 20 Pit A 
studies were planned so as to Lp 
parison of the effects observed bY 


methods of assessing temporal € 


e 
schw an 
? Findings obtained by Keppel E i pave 
(1965) indicated that the TPI was ya yal o 
appreciable influence on RI for an ! 


length. 
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p etierence; ie. by manipulation of the IL- 
est interval, on the one hand, and the TPI, 
on the other, 
P Experiment V extends the investigation 
overy to backward associations. It is 
enis that the availability of backward as- 
Dans EM is reduced when the paradigm of 
Eun r entails an extinctive relation be- 
lists ( Such associations in the successive 
1965: (S7 Abra, 1967; Ellington & Kausler, 
Ug Greenbloom & Kimble, 1965; Keppel 
3 nderwood, 1962; Schwartz, 1968). The 
awe paradigm provides a basic refer- 
or b ndition that defines the same relation 
T Jackward associations as does the A-B, 
Paradigm for forward ones. An attempt 
cree the extinction analogy to the un- 
raise g of backward associations at once 
E difficult problems of interpretation. 
efinition, extinction requires the un- 
Ces elicitation of the critical response 
pare Presence of the stimulus. There are 
vard. reasons for supposing that first-list 
but th associations are elicited during IL. 
ar ES Same cannot be said about back- 
Whar j5Ociations, It is by no means obvious 
Wight pons during the acquisition of 
B-A € responsible for the unlearning of 
Westion Ven a speculative answer to this 
OF ass is difficult because the mechanism 
Para p native interference under the C-B 
Dossin is not clearly understood. One 
tion, vty is that S uses backward associa- 
giy;, © Check correctness of responses before 


In; 
In us them (Twedt & Underwood, 1959). 


t si course of the checking process the 
the On of first-list stimuli may result in 
uen rejection of correct responses. Such 
We e Ces of events may lead in principle to 
stimuj action or suppression of first-list 
tov, Ve There is a troublesome discrepancy: 
tive sted between the weakness of the nega- 
M Rr poer effects and the massive amounts 
NS ^" R-S recall, Associative interfer- 
heroas substantially less than for A-C, 
vin the retroactive effects are, if any- 
Sealy’ Seater than those observed in forward 
‘loon, @ the latter condition (cf. Green- 

Kimble, 1965). It appears Wr 
herefore, that the mechanism Te- 
© for the reduction of stimulus recall 


to a, 


Teinf 


is closely linked to the occurrence of check- 
ing errors. 

Another condition of R-S unlearning that 
may warrant consideration is bidirectional 
rehearsal of the paired associates during the 
acquisition of the successive lists. Wollen 
and Gallup (1965, 1968) have suggested 
that nominally backward associations func- 
tion in the forward direction when S re- 
hearses a pair two or more times in immedi- 
ate succession, as he may well do in the 
course of a trial. Thus, rehearsal sequences 
like A-B-A-B and C-B-C-B may occur dur- 
ing first-list_ and second-list learning, re- 
spectively. Consequently, the conflicting as- 
sociations B-A and B-C would be activated 
as S moves from the first to the second list. 
It is improbable, however, that such a state 
of affairs would be conducive to substantial 
amounts of associative interference and un- 
learning. In the transfer phase, S would be 
rehearsing a forward association to which 
he had been exposed just previously, with 
the R-S sequence occurring only as a by- 
product of repetition. Such intratrial re- 
hearsal of currently correct associations 
should not be conducive to first-list stimulus 
intrusions. ; 

There appear to be no compelling reasons 
for maintaining an a priori assumption that 
first-list backward associations are extin- 
guished or suppressed in the transfer stage 
of the C-B paradigm. The possibility must 
be considered that the losses in R-S recall 
are entirely a test stage phenomenon. The 
key factor at the time of recall may be the 
change in function of the associated terms. 
with the B items becoming stimuli to which 
the A items must be given as responses. 
When this shift is first introduced, the stim- 
uli from the list practiced last may be ex- 
pected to be dominant and to inhibit the 
reproduction of those from the earlier list. 
On this assumption, response set interference 
which first develops at the time of the test 
would be responsible for the reduction in 
R-S recall Thus, the classical conception 
of RI as entirely localized in the test stage 
may be valid for the case of R-S recall under 


the C-B paradigm. 


It is not suggested that retroactive losses 
in the availability of first-list stimuli are 
always the result of test stage interference 
only. Different mechanisms may come into 
play depending on whether the conditions 
of IL entail the erroneous elicitation and 
consequent suppression of first-list stimuli. 
The latter conditions are probably met in 
the case of the A-B, B-C paradigm in which 
the first-list backward and the second-list 
forward associations are incompatible. The 
distinguishing characteristic of that paradigm 
is that the change in the function of the B 
items occurs during IL: the first-list re- 
sponses are the stimuli in the second list. 
Once the B items become stimuli, they are 
likely to elicit the A terms associated with 
them; these interfering associations must 
be suppressed, and the newly prescribed C 
responses must be substituted for them. 
Now the amounts of loss in R-S recall under 
the C-B and the B-C paradigms are essen- 
tially the same (Cheung & Goulet, 1968), 
but according to the present analysis they 
may occur for different reasons. This inter- 
pretation would be supported if the temporal 
changes in interference were found to be dif- 
ferent under the two paradigms. Since re- 
sponse suppression is assumed to be a re- 
versible process, increases in R-S recall as 
a function of time are to be expected under 
the B-C paradigm; ie, the tendency for 
B to elicit A, which was presumably acti- 
vated during IL, should recover. Such re- 
covery is not predicted for C-B since no 
comparable tendency was established during 
the acquisition of the transfer list. The con- 
ditions making for test stage interference 
should remain in force after an interval of 
time. That is, even when there is a delay 
between the end of IL and the test of R-S 
recall, the stimuli from the list learned last 
should retain the advantage of relative re- 
cency and interfere with the reproduction 
of stimuli from the earlier list. Put some- 
what differently, recovery is to be expected 
only if the responses required on the test of 
recall were activated at some point during IL 
and then suppressed. This necessary con- 
dition of recovery is assumed to be met under 
the B-C but not the C-B paradigm. A failure 
to observe recovery under the latter condi- 
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tion was reported by Abra (1967) age 
24-hr. interval; there is no comparable e 
formation for the B-C treatment. In e. 
present experiment, temporal changes d 
R-S recall under the C-B and B-C T 
adigms were determined over an interval 
the order of 20 min. 


Experiments I anp UJ 
Method 


ich were 

Design.—Experiments I and II, S asses 
carried out concurrently, were designed Te -B, 
temporal changes in first-list recall under inti 
A-C and the A-B, C-D paradigms. The all was 
between the end of IL and the test of m. with 
varied in Exp. I, and the TPI in Exp. I ‘neously: 
the two experiments performed simulta eid 
there was some overlap of groups. For e first 
exposition the design of each experimen groups 
presented separately, and the overlapping 
are then identified. R onditions 

The design of Exp. I comprised three “combine 
of interpolation (A-C, C-D, and zest) Pa of 
factorially with two intervals between d 18 min-J 
IL and the MMFR test of recall (2 an 


e 
D. A L wer 

The end of OL and the beginning e delay be- 

separated by 2 min. The two periods ot C 


i e! 
tween IL and test resulted in retention sctively i 
for the first list of 14 and 30 min, om which 
these were, of course, the intervals a 
the control groups were tested. adot first 
In Exp. II the interval between the € kep cont 
list learning and the test of recall was an eitha 
stant at 30 min. Interpolated learning beet est jer 
2 or 18 min. after the last trial on s E di 
The corresponding intervals between 2 min. r 
IL and the MMFR test were 18 and, terpol? 
spectively. The three conditions of s the 
were again A-C, C-D, and rest. Sin E co 
tention interval for the first list was E inter y 
at 30 min, a rest group tested aíter D d ‘or 5 
served as the common control cone e a 
experimental treatments. That con the 
the two experimental groups for which oth € 
interval was 2 min. were common to as 
ments, jtions t 
Since the assignment of Ss to all condi es p» 
concurrent, the use of overlapping grow yim 
influence the results of the. ao | 
There is, of course, a partial in i i 
the two sets of data which must be bor? arall 


eS 
when the findings are compared. the tw? Pje, 
evaluation of the relationship between o m 
of experimental arrangements will a ree 
however, in a further study. 


arned “Cr 
Lists—The experimental groups le A-B: Ape 


; : he 
successive lists conforming to either th s 
A-D or the A-B, C-D, E-F paradigmi g as 
interest of brevity, these are refe trol 
A-C and C-D paradigms. | The Ciste o 
learned a single list. All lists con 
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Pair i " : 
ademas with single letters as stimuli and 
Tee sets of Jectives as responses. There were 
of adjectives “oe stimulus letters and three sets 
4s to minimiz he sets of letters were chosen so 
oth within re eee similarity as far as possible 
of the respon etween lists; meaningful similarity 
sible. Each 3 was likewise kept as low as pos- 
Was combined the three sets of stimulus letters 
tives to yield with each of the three sets of adjec- 
Were random Hine different lists. The pairings 
ler and the ae the restriction that the stimulus 
pes rst letter of the response word could 
Same. stimul same. Successive responses to the 
With differ us (A-B, A-C, A-D) always began 
35 the Shige letters. The nine lists were used 
For a PP and third task equally often. 
Teatments tH ot assignment to the experimental 
Sets thre he nine lists were grouped into three 
he rans in accordance with the requirements 
le Orders cr paradigm. Each of the six pos- 
signed to oo the lists within a set was then 
erent ox S. Thus the sequence of lists was 
earnin saen of the 18 Ss within a group. 
Pation meting care Learning was by the antici- 
tertriay ite at a 2:2-sec, rate, with a 4-sec. 
Orders dm There were four different ran- 
doo di presentation. The first list was 
> Were pr iterion of 5/8. The two interpolated 
‘Cipation ees for one study trial and six 
end oj a each. The time intervals between 
eriments i and the beginning of IL in the two 
"Ave already been indicated. Practice 
list always began 2 min. after the 


ünt 
the 
& 
On 
"nq 
tenti 


* third 


Sec . j 

core learning. That part of the re- 

ental rval not occupied by IL under the ex- 

arip ontrol ui tments, and the total interval under 
i eatmen n vein 

ic problems, ts, was filled with work on 


hang wheal A variant of the MMFR_pro- 
in ord an ane in the tests of recall. The S was 
the L and nm labetical list of all the stimuli used 
Cy ontrog —8 letters in the A-B, A-C, A-D and 
to SPESE concen and 24 letters in the A-B, 
Steet a orally itions. The instructions to S were 
thar e ae all the pairs he had learned in any 
. ga , The instructions emphasized 

Sang dps Pair he was to call out both the 

Ck of he response. In order to allow S to 
E the Írequency with which he had 
“hen 3 check cach stimulus, he was requested to 
e ^ mark next to the appropriate letter 

t, Daip Cent i reQuced. a pair. No feedback was 
Up Pe at S was informed when he repeated 


St 
Murs eni. repetitions occurred rarely. The 
ND S Tee y S-paced. This procedure gave S 
i tul fee to determine his order of out- 
rate E edo Same time made it possible to obtain 
DUM Td of the sequence in which pairs 
W iteg’ he \ After S had given his last oral 
tedheg 1o eo handed his recall protocol and 
NI (with, * whatever changes or additions he 
uc a obliterating the record of his oral 


Pace was provided for writing down 


7 


responses which S was unable to pair with a 
particular stimulus. In the final phase of the 
test, experimental Ss were asked to identify the 
list membership of all the responses they had re- 
called by placing the number 1, 2, or 3 next to 
each item on the protocol. 

Subjects—Taken together, Exp. I and II com- 
prised eight (six experimental and two control) 
groups of 18 Ss each. The Ss were undergraduate 
students at the University of California who were 
not necessarily naive to verbal learning experi- 
ments. Assignment to conditions was in blocks of 
8, with 1 S from each condition per block. The 
running order within blocks was determined by 
means of a table of random numbers. i 


Results and Discussion 


First-list learning —The mean number of 
trials to a criterion of 5/8 on List 1 was 
5.11, with the means of individual groups 
ranging from 4.61 to 6.05. There were no 
reliable differences in speed of first-list learn- 
ing, F < 1, for the comparison of all groups 
as well as for the separate comparisons of 
the groups included in Exp. I and II, re- 
spectively. 

Interpolated learning.—In Exp. I the in- 
val between the end of OL and the begin- 
ning of IL was kept constant at 2 min., 
whereas in Exp. II it was either 2 or 18 
While there are some overlapping 
it is useful to consider the transfer 


ter 


min. 
groups, 
results separately. 

In Exp. I the mean numbers of correct 


responses given in six trials of second-list 
learning were 23.86 and 28.86 for the A-C 
and C-D lists, respectively, F (1, 70) = 7.52, 
p< 0l. Thus, there is a significant amount 
of negative transfer under the A-C relative 
to the C-D treatment. The corresponding 
values for third-list learning (Lists A-D and 
E-F) are 26.86 and 31.78, F (1, 70) = 6.02, 
p < 02. The difference between the two 
paradigms is the same as before. When Lists 
2 and 3 are compared, the overall improve- 
ment in performance is found to be reliable, 
F (1, 70) = 11.65, p< .01. Since the 
amount of transfer remains constant, the 
Paradigm X Stage of Practice interaction is, 
of course, not significant, F«1. 

Table 1 contrasts second-list performance 
in immediate and in delayed IL (Exp. II). 
To permit an examination of the effects of 
the temporal variable on the course of ac- 
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TABLE 1 


MEAN NUMBERS OF CORRECT RESPONSES IN SUCCESSIVE Two-TRIAL BLOCKS 
oF SEcoNp-Lisr LEARNING, Exp. l 


| Trials 
TRE | A-B; A-C pum 
| 1-2 | 3-4 | s-6 | Total 1-2 3-4 5-6 a 
"COSE | ae | ae | Re iz |ua | gs |2 


26.95 | 


quisition, the mean numbers of correct re- 
sponses for successive blocks of two trials 
are presented. For the A-C paradigm, per- 
formance is consistently better in delayed 
than in immediate IL. The pattern for the 
C-D paradigm is more complex. Early in 
transfer learning the delayed group has an 
advantage, whereas on the later trials the 
difference is in the opposite direction. The 
net result is an increase in total scores as a 
function of the OL-IL interval for A-C and 
a smaller decrease for C-D. It is apparent 
that the influence of the TPI varies jointly 
with the paradigm and the stage of practice 
on the transfer task. The higher order TPI 
X Paradigm X Stage of Practice interaction 
is significant, F (2, 136) — 21.54, p « .001. 
For the total scores the TPI x Paradigm 
interaction falls short of significance, F (1, 
68 = 2.33, p > 05. Since the changes for 
the two paradigms are in opposite directions, 
the overall effect of the TPI is not reliable, 
F«1. 

These findings suggest certain conclusions 
concerning temporal changes in the condi- 
tions of transfer under the two paradigms. 
It appears, first of all, that the effectiveness 
of A-B in interfering with the acquisition 
of A-C declines somewhat as a function of 
time, at least when the degree of OL is low. 
The S’s set to limit himself to the repertoire 
of B responses dissipates gradually ; further- 
more, the specific A-B associations may lose 
strength, even though the loss may not be 
great enough to be detected on an unpaced 
test of recall. The beneficial effect of delay 
in the A-C condition becomes understandable 
on these assumptions. The improvement for 
the first trial block in the C-D condition may 
likewise reflect the weakening of the response 


stay rises i 
set established in OL. (The initial e D 
performance also indicate that there pe A 
substantial loss of warm-up during t I 
terval. But why should the delay E the 
produce a decline in performance ausible 
later trials of C-D learning? One P : 
interpretation is that the discriminab! RE e 
tween the stimulus terms in the Le. : 
lists is impaired as the OL-IL inte adi 
lengthened, so that the functional aee 
becomes A'-D rather than C-D. The Es 
ing interference becomes most pron jation® 
as the first-list and second-list 2550€ 
approach each other in strength. | 
analysis is correct, the functional 
between the A-C and the C-D 
diminishes to some extent with the 
of delay between OL and IL. OL 
There are no residual effects of the uld 
interval on third-list learning, a5 majo" 
expected if the last prior list 15 the 1965: 
source of interference (cf. Poste itio 
Underwood, 1945). In the C-D Or onset 
the mean total numbers of correct T2, and 
were 30.94 and 32.61 for immediati ging 
delayed IL, respectively. The corresPzz an 
values for the A-C condition are ^ sou 
27.16. The TPI is not a significant c 
of variance nor does it interact W 
paradigm of transfer, both Fs < List 
IL is delayed, the increase from fof 
List 3 is greater for C-D than ent 
whereas the amounts of improve? 
closely similar in immediate IL. 


AL 
pe 
‘of 


gxb 
* Cy 

$ IL-test interva" pe% 
Recall: Effect of lists the pk 


e 
numbers of responses recalled on t 


CONDITIONS OF RECOVERY AFTER UNLEARNING 9 


test, 7 : 
The stringent scores are shown, i.e., 


Es of correct responses given to 
hase cr "aed stimulus during the main 
ions and : test (prior to S's written addi- 
test the hes qe m On the immediate 
EU Paradi ist scores reflect heavy RI for 
observed de Contrary to what is usually 
amounts of er higher degrees of OL, the 
qual in the Pie pA are approximately 
in fact, ther ids and in the C-D condition ; 
atter, TI € is a slightly greater loss for the 
first- lise he delayed test shows a rise in 
small cb a for the C-D paradigm and a 

n ord ine for the A-C paradigm. 
nal er to adjust for variations in termi- 

Performance, differences between the 


f 
| Numbe 
the heat Et on the last trial of OL and 


m 


alysis ds were used in the statistical 
M termir the retention data. The variation 
m not Es OL scores was relatively small 
ie the dus ant (F < 1), with the means 
£m 539 groups in Exp. I and II ranging 
M6, UN to 5.61 and an overall mean of 
“or S ad +a the use of difference 
E enti S some precision to the assessment 
à he die ues of individual Ss. Thus, 
h store at iate control group the 10 Ss 

5 on the criterial trial recalled 


3t th 


8 A-B, A-C, A-D A-B, C-D, E-F 
? 
oo 
*6 Wiedossee A mass EÉ 
3 Control uns 
i p 
S5 a 
Ei a 
E] al 
R * ax 
34 d 
$ o 
§ oa Tel 
3 
A 
ad 
Lu we 
? ~: aT 
——c P 
` 1 
2 Bests jE — 
3 8 2 » 
| heg " IL-test interval (min) 
ia Me: ; ; 
we te an stringent recall scores on the im- 
(To facili- 


C d on 
l Mug np riso, e delayed test, Exp. L 
th © of thaod With the experimental groups, 


the 
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6.20 items, whereas the remaining 8 5s, who 
overshot the criterion, recalled 7.00 items. 
For the delayed control group the corre- 
sponding values are 6.00 (n — 11) and 7.00 
(n =7). In the analysis of variance of the 
first-list loss scores, the overall difference 
between the control condition and the com- 
bined experimental conditions is, of course, 
significant, F (1, 102) = 163.83, p < .001, 
ie. there is a reliable amount of RI. The 
only other significant source of variance is 
the Paradigm (A-C vs. C-D) X Retention 
Interval interaction, F (1, 102) — 4.56, p< 
05. This interaction reflects the fact that 
the temporal changes for the two paradigms 
are in opposite directions. In a further com- 
parison of the C-D and control conditions 
the interaction with retention interval falls 
short of significance (.10 > p > 05). 

The recall scores fail to yield reliable 
evidence of recovery, although the C-D par- 
adigm does show some gain on the delayed 
test. The possibility suggested itself that 
the present conditions were highly unfavor- 
able to the observation of recovery since the 
first list was learned to a low criterion (5/8) 
and was followed by a substantial amount of 
IL on two different lists. A large propor- 
tion of the first-list associations might have 
been too weakly learned to regain availability 
even after some dissipation of response set 
interference. In fact, if such very weak items 
suffer some loss in strength during the re- 
tention interval, they might become more 
susceptible to the interference which remains 
effective after a period of delay. The di- 
vergence in the temporal trends for the two 
paradigms becomes understandable on the 
assumption that the initial degree of response 
suppression, and hence the residual inter- 
ference on the delayed test, is less in the 
C-D than in the A-C condition. 

To test the implications of this hypothesis, 
the recall scores were examined for items 
varying in speed of acquisition during first- 
list learning. For this purpose the pairs in 
each S's list were ranked from lowest (1) 
to highest (8) according to the number of 
correct anticipations given during the acqui- 
sition trials. Figure 2 shows the percentages 
of correct first-list responses (stringent scor- 
ing) for successive blocks of two ranks each. 
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Fic. 2. Percentages of recalls on the immediate and on the delayed test as a 


function of the strength of the items in acquisition, Exp. I. 


It is apparent that in the A-C condition the 
temporal changes in recall depend on item 
strength : for the relatively weak items, rep- 
resented by Ranks 1-6, there is a decline 
between the immediate and the delayed test, 
whereas for the two strongest items (Ranks 
7-8) there is a substantial rise. The amount 
of recovery also increases with item strength 
in the C-D condition, but the minimal de- 
gree of OL sufficient for recovery is lower 
than for A-C. The difference between the 
two paradigms in the relation between item 
strength end recovery is reflected in the net 
increase for C-D and the net decrease for 
A-C. 

An analysis of variance was carried out on 
the weighted loss scores for Ranks 1-6 and 
7-8. The control groups were not included 
in this analysis since their loss scores for 
strong items had essentially zero variance. 
The Item Strength X Retention Interval in- 
teraction is significant, F (1, 68) — 979, p 
< 01; the higher order interaction of the 
latter two variables with paradigm of trans- 
fer is not significant, F — 178. For Ranks 
7-8 the increase between the immediate and 
the delayed test is reliable (p < .01). Thus, 
there is recovery for the strongest items 
under both paradigms. It is recognized, of 
course, that this analysis is post hoc since 
the division between strong and weak items 
was made after inspection of the data. The 
test is useful, however, in confirming the 
visual impression. More important, the im- 
plications of the analysis were subjected to 


an independent test in a subsequent PS. 
ment. In the meantime, two conclus. 
suggested by these results deserve empha ose 
(a) Under given conditions of IL, only t p 
items whose strength at the end of O re- 
ceeds a critical value are likely to show a 
covery; and (b) when retention losses “ 
heavy, equal amounts of immediate f u 
not necessarily reflect equal amounts 0 may 
learning. A subsequent test of recovery nce 
be sensitive to differences in interfere, 
that are not detectable on an immediate <p 
when recall scores are near the floor pi^ 
formance. In the present case the diver? stë 
of the scores on the delayed test SUEP' i 
that the interference was actually heavie 
the A-C than the C-D condition. on 
Second-list recall is considered next 
the immediate test the number of C% 
responses is higher for C-D than for a 
as would be expected on the basis ning 
difference in speed of transfer lear 
There are rises in second-list recall 0” For 
delayed tests under both paradigms- ,. 
C-D the mean loss score declines mora u 
to .22, and for A-C it declines from 4" gor 
1.33. (The loss scores again EE 
sampling fluctuations in the terminal lex 
List 2 learning. With this correctio ‘ig. j 
greater recovery for C-D suggested p^ at TO 
is eliminated. It should be noted the 
tention scores are highly sensitive 
tively minor differences in degree O* Jive? 
ing when a fixed number of trials 1§ 
in acquisition.) Analysis of variance 
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Fa Eime shows the main effects of par- 
en A of retention interval to be sig- 
LE r^ , 68) = 5.54, p « .05; and 
There’ 5 de 1030, p « 01, respectively. 
terval int reliable Paradigm x Retention 
ond list a eraction, F <1. Thus, the sec- 
of Gee, R to show a significant amount 
Becr wj under both paradigms. In the 

appropriate control groups, this 


Conclusi : 
it is = * must remain tentative, although 
recall y unlikely that comparable rises in 


tl * third list occur without interpolation of 
in third-list ¢ There are only slight changes 
tem and these are not reliable. 
Detween Pa to note, however, that the loss 
I$ somewh ee and the delayed test 
c conditi greater for the A-C than the 
clearly poet ps The present conditions are 
Proactiy avorable to the observation of 
€ effects since the third list was 


€arned - y 
Ones, to a higher degree than the preceding 


P i 
rent scores, based on the number 
Ness of ont recalled regardless of correct- 
Provide je o are not reported since they 
"Nees pet € new information. The differ- 
Te SB. lenient and stringent scores 
Mental tr parable for the various experi- 
Sults do eatments, Thus, the pattern of re- 
es not change appreciably when leni- 
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and after delayed IL as a function of the strength 
of the items in acquisition, Exp. II. 


ent rather than stringent scores are con- 
sidered. 

Recall: Effect of TPI.—Figure 3 shows 
the influence of the TPI on the stringent 
recall scores. Under both paradigms, first- 
list recall is lower when IL occurs at the 
end rather than at the beginning of the re- 
tention interval. While the decreases are 
relatively small, analysis of variance of the 
loss scores shows the main effect of the TPI 
a the experimental treatments to be 


withir i 
significant, F (1,85) = 5.73, p < .02. Since 
recall is higher in the C-D than in the A-C 


condition after a period of delay, there is 
also a significant overall difference between 
the two paradigms, F (1, 85) = 896, p< 
01. Paradigm does not interact, however, 
with TPL: F <1. Recall as a function of 
acquisition is plotted for the relevant 
groups in Fig. 4. Comparison with the cor- 
responding functions in Fig. 2 makes it clear 
why the total recall scores change signifi- 
cantly with the TPI but not with the IL-test 
interval. For the A-C paradigm, perform- 
ance on the test immediately following IL 
is lower in Exp. II than in Exp. I. What- 
ever loss the weakest items suffer during 
the interval occurs for both groups tested 
after a delay; moreover, there is better 
acquisition of the interfering second list in 
delayed than in immediate IL. Conse- 
quently, in the evaluation of the difference 


rank in 
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attributable to the TPI, the increases for 
strong items are not offset by losses for 
weak items. For the C-D paradigm, recall 
on the test immediately after IL tends to be 
higher at the end than at the beginning of 
the retention interval, probably because the 
interfering second list is learned less well. 
This difference is present for all but the 
strongest items. However, the level of re- 
covery in this condition is sufficiently high 
for an overall effect of the TPI to remain 
in evidence. 

'There is little change in second-list recall 
as a function of the TPI in the A-C condi- 
tion, while there is a difference in the 
expected direction in the C-D condition. 
Analysis of variance of the loss scores does 
not yield any significant effects. Since the 
OL-IL interval had at least some effect on 
speed of second-list learning, and in opposite 
directions for the two paradigms, a precise 
evaluation of the relative amounts of second- 
list recall is difficult in any case. Variations 
in third-list recall are minor and not reliable. 
The slight rises that are in evidence prob- 
ably reflect the reduction in the length of 
the retention interval for the interpolated 
lists when TPI is delayed. As before, lenient 
Scores are not considered and for the same 
reasons. 

Order of output in recall—One of the 
characteristic temporal changes in perform- 
ance observed in earlier studies (Postman 
et al, 1968) is a systematic shiít in the 
order of output of the available responses. 
The first list was found to move forward in 
the recall sequence as the interval between 
the end of IL and the test was lengthened. 
For purposes of examining the relative pri- 
ority of the three lists in recall, the responses 
reproduced by each S were ranked according 
to the order in which they were given by 
him during the main phase of the test. In- 
correctly as well as correctly paired responses 
were included since the question of interest 
concerns the list membership of the responses 
rather than the integrity of specific associ- 
ations. The ranks were then converted into 
C scores (Guilford, 1950, pp. 302 ff.). The 
C scale, which is based on centile ranks, has 
a mean of 5 and a range from 0 (lowest) to 
10 (highest). Thus comparable measures 


were obtained for Ss recalling different num- 
bers of items. The S's mean C score was 
then determined for each of the three lists. 
The Ss who failed to recall a single pepon 
from one or more of the lists were omitte 
from the analysis. In order to minm 
differential S selection, for each S eliminate 
on this basis, one S matched as closely S 
possible in recall performance to the one T 1 
jected was removed from each of the ae 
ing groups as well. This procedure resu à 
in the elimination of three Ss from each 
the groups, leaving n = 15 per group. 
The means of the mean C scores are vr 
marized in Table 2. The effect of the d 
test interval (Exp. I) is considered en 
On the immediate test the priority of -— 
learned last is clearly apparent. In the e 
condition, order of output is directly mm 
to relative recency. In the A-C condi ei 
there is a suggestion of a V-shaped “S° 
position effect," although the third e. 
a clear advantage. A shift in the pi for 
direction is present on the delayed ie the 
the C-D paradigm, ie, a reduction O és: 
bias in favor of recently learned respo” 


um- 


: no 
On the other hand, the picture geri for 
change appreciably on the delayed E uh 


the A-C condition. This difference bet 
the two paradigms is consistent with o 
fact that there was an absolute rise 1” he 
first-list recall only for C-D. Sine sent 
scores for the three lists are not indepe” ti 
statistical analysis is limited to the firs pe- 
measures. These scores were chose? y 
cause interest centers on first-list_ rec? vith 
and all retention intervals were defined ¥ 
reference to the first list. There ar nis 
significant changes in these values. f the 
outcome is not surprising in view ° ipa 
absence of recovery for A-C and the marg -D. 
amount of improvement in recall a out 

The effect of the TPI on the order 9! ^r. 
put (Exp. IT) is now considered. Cenere 
vant measures are given in Table 2. ding t° 
is a shift in output order correspo” s vith’ 
the reliable decline in first-list recall sses 
delay in the TPI. This shift encom ion. 
the scores for all lists in the C-D COM’. of 
but is limited to the first two in the score? 
A-C. In the analysis of the first-list pO 
TPI is a significant source of variance 
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TABLE 2 


RELATIVE PRIORITY oF RESPONSES FROM THE THREE LISTS IN 
OnpzR or OurPur, Exe. I AND II 


T A-B, A-C = 5 
PI Retention interval 2 
oa List 1 List 2 List 3 List 1 List 2 List 3 
ediate 1 i 
timedins mmediate 4.69 4.46 5.45 4.08 7 
eve Delayed 4.65 4.34 5.61 4.56 Br 3.09 
elayed 4.30 4.61 5.55 3.65 4.70 5.71 


Note. 
im Bete 
ntries are means of mean C scores. 


56) = 
rela 482, p <.05, but does not interact 
4j, With paradigm, F < 1. 
asa ipee S Mist variations in output order 
nounced in re relative recency are less pro- 
ne possib] he A-C than the C-D condition. 
not in the fi reason is that in the former but 
constrained n Case the recall sequence is 
ession all d Ss’ tendency to give in suc- 
Stimulus the available responses to a given 
f dency f To assess the strength of this 
Which ah or the A-C groups, the degree to 
tered in oe to the same stimulus clus- 
Index Es was determined. A clustering 
Was used “ommended by Dalrymple-Alford * 


B SEC mE. 
Wh max R — min R’ 


ere 
x 5 ea to the number of repetitions 
wasent cac S from the same class (in the 
M S defined by a common stimulus), 
tie lan RT min R designating the maxi- 
Dx ] un possible number of repeti- 
vaate yí ively. This index is computed 

u Or expected and for observed 
he difference between the two 


i 
à, Te ni and for the delayed test is 44. 
in after delayed IL the index rises 
Qs atly 1 All three values differ sig- 
ley level 4 TOm zero, the lowest one at the 
thet = the two higher ones at the . 
oy Tesora a significant tendency to group 
hel lem. to the same stimulus is present 
. tiat The critical factor determining 
uc of clustering seems to be the 
’ 1960, Dalrymple-Alford, personal communica- 


IL-test interval. Orthogonal comparisons 
show that the index is significantly higher 
(p «.05) for the two tests following IL 
immediately than for the test separated from 
IL by a period of delay. The results for 
the former two tests are virtually identical, 
the first-list retention interval has no 


ie, 
effect. The decline in the amount of cluster- 
ing suggests that immediately after the end 


of IL, S is disposed to respond to each stim- 
ulus in turn, just as he did during the pre- 
ceding acquisition trials, but that this dis- 

osition is weakened as a function of time. 
After a delay, S is more likely to scan avail- 
able responses and to match them with the 
stimuli before him. Consequently there 
would be a reduction in the tendency to give 
all the responses to a given stimulus before 
proceeding to the next one, and the prob- 
ability of recurrent attempts at recall to the 
same stimulus would increase. 

List identification.—Table 3 presents the 
tages of correct identifications of the 
mbership of the responses. Only ap- 
propriately paired responses given during the 
main phase of the test were used in this 
tabulation. In the interest of obtaining 
stable values, the percentages are based on 
the pooled responses of each group. For 
each list the percentage of false alarms is 
also shown, e.g., the percentage of items from 
Lists 2 and 3 assigned to List 1, etc. The 
differences between the percentages of cor- 
rect identifications and of false alarms may 
be considered as measures of accuracy cor- 
rected for guessing. These measures uni- 
formly reflect the positive effects of primacy 
and recency, ie. the first and the last list 
have an advantage over the middle one. This 


pattern agrees with that reported by Keppel 


percen 
list me! 
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TABLE 3 
MEASURES OF Accuracy or List IDENTIFICATION, Exp. I AND ll 
List 1 List 2 List 3 
TPI Retention s SEE Difer- 
xx SO || ema | eux | wol 95 FA | ence | 95 CI | 96 FA 
A-B, A-C 
E 86.2 
i 6 | 9L6 54 | 301 
i Immediate | 84.4 6.6 77.8 71.6 8.0 69. 76 
eee ee Delayed 78.0 9.5 68.5 69.2 12.3 56.9 i 1$ | 798 
Delayed Delayed 90.3 5.1 85.2 75.9 11.3 64.6 k 
A-B, C-D 
73.7 
2.3 
Immediate | Immediate | 63.1 7.6 55.8 | 654 | 17.0 184 Ea "e 462 
Immediate | Delayed 59.7 9.0 50.7 54.7 30.5 24.2 68. 175 56. 
Delayed | Delayed 744 9.7 64.7 | 58.3 | 232 | 351 73.8 . 


Note.—CI = Correct identifications; FA = false alarms. 


(1967) and points to the effectiveness of 
distinctive temporal “tags” as cues to list 
differentiation (cf. Underwood & Ekstrand, 
1967). The highest percentages of incorrect 
assignments tend to be to List 2, in accord 
with the usual finding that failures of differ- 
entiation are most common between adjacent 
lists. The introduction of an IL-test interval 
(Exp. I) leads to a decline in the accuracy 
of the identifications. In the A-C condition 
the losses do not vary appreciably for the 
three lists; in the C-D condition the degree 
of impairment is clearly less for List 1 than 
for Lists 2 and 3. A limited amount of re- 
covery and corresponding shifts in the order 
of output were observed for the same condi- 
tion. With the first-list retention interval 
held constant, delay of IL (Exp. II), in 
general, favors list differentiation. Again, 
temporal cues, in this case related to the 
Separation between List 1 and Lists 2 and 
3, appear to be a source of facilitation. 
Finally, it should be noted that the level of 
accuracy is markedly lower for the C-D than 
the A-C groups. At a low level of learning, 
the C-D paradigm is conducive to errors 
based on confusion of stimulus terms as well 
as of response terms. Only the latter source 
of error is present under the A-C paradigm. 


Experiments III Anp IV 


The results of Exp. I and II yielded only 
suggestive information regarding the relation 


“ions 
between first-list recovery and the e t 
of transfer. Whatever trends tee am fof 
indicated greater recovery for C-D of the 
A-C, contrary to the implications psenct 
extinction model. However, in the cores 
of significant increases in total reca m these 
no firm conclusions can be drawn ud by 
findings. The next step was m 
the results of the item analyses, W tips that 
cated that a higher degree of d for the 
used in Exp. I and II is require ecovery" 
detection of substantial amounts E was t 
The purpose of Exp. III and ua fur 
verify this implication and to: pere to wit 
ther examination of the i 
the previous study was addressed. 


Method 


Design and procedure.—The desig, 
and procedure were exactly the sal 


p indi 


as 
resp? 


to Exp. I and II, respectively. 1 
was that first-list learning was amie 
terion of 5/8 + 4 additional trials. pu 
practice trials beyond the previous eni s 
expected to yield distributions of S renté 
that would be favorable to the occur T 
nificant amounts of recovery. in each ord 
Subjects —There were again 18 Ss opulation (^re, 
eight groups, drawn from the same ee as be 
assigned to conditions in the same mai 


jon Y 


Results and Discussion d meat i: 

First-list learning.—The Le i. 5/ d 
the number of trials to a criter Exp- at 
was 4.70 (as compared to 5.11 in 
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TABLE 4 


MEAN N 
TEAN NUMBERS OF Correct RESPONSES IN Successive Two-TRiAL BLocks 
or SEcoND-List LEARNING, Exp. IV 


Trials 
TPI 
A-B, A-C A-B, C-D 
i 1-2 | 3-4 | 5-6 | Total 1-2 | 3-4 | 5-6 Total 
mmedi " 
ue 5.39 9.78 12.83 28.00 7.50 11.82 14.22 33.54 
5.01 9.83 11.78 27.22 5.50 10.44 12.50 28.44 


II 
reed means of the individual groups 
number zs 4.22 to 5.28, F « 1. The mean 
ist learnir rrect on the terminal trial of first- 
Means Ls was 6.45, with a range of group 
respondi m 6.22 to 6.67, F « 1. The cor- 
j WE mean obtained previously was 
Only 4 hile the additional practice produced 
terminal moderate change in the level of 
Number B palin in OL, the average 
Mereaseg correct anticipations per item was 

nter p bStahitidlly. 

mediate a learning.—NWhen IL was im- 
Correct k xp. IIT), the mean numbers of 
thing sponses in six trials of second-list 
D JE Were 27.89 for A-C and 3278 for 
of Seco a, 68) = 7.36, p < 01. The level 
than iu dist learning is appreciably higher 
ma Exp. I. This rise in performance 
Specife attributed to an increase in non- 
Ff first Pansier effects at the higher level 
of eg: “list practice. The absolute amount 
Ex, Sative transfer is identical with that in 
S of The mean numbers correct in six 
third-list learning were 28.94 and 


Dect} 9r the A-C and C-D paradigms, re- 
onec F (1,68) = 4.60, p < 05. With 
ifie transfer effects leveling off 


"anid 
l s 3 
Pro ie there is no longer a significant im- 
ig, “Ment between the second and the third 
. Th 
- he 

2 pel um of second-list performance 
sre Pres iate and in delayed IL (Exp. IV) 
mig | “Sented in Table 4. In order to per- 


"s s jo mParison with the corresponding 
Umberg. Exp. II (see Table 1), the mean 
3 S Of correct responses are shown for 


i S 
* litle ve blocks of two trials each. There 
ts A+ ifference between the two TPIs for 
e cy Paradigm, whereas performance in 
Condition is consistently lower ! 


delayed than in immediate lL. While the 
TPI x Paradigm interaction is not signifi- 
cant (F = 1.21), it is important to note 
that as a result of the differential temporal 
changes, the absolute amount of negative 
transfer in delayed IL is minimal. In the 
earlier study, A-C performance was found 
to increase and C-D learning to decrease late 
in learning as the OL-IL interval was length- 
ened. It was suggested that the effective- 
ness of A-B in interfering with A-C de- 
clined as a function of time, whereas in the 
case of C-D an impairment of stimulus dis- 
criminability resulted in associative inter- 
ference. The latter source of negative trans- 
fer was assumed to become increasingly ef- 
fective when first-list and second-list learn- 
ing approach each other in strength. The 
same considerations apply to the present re- 
sults when account is taken of the fact that 
first-list learning was carried to a higher 
level and second-list learning progressed 
more rapidly. As a consequence, the decline 
in the interfering potential of A-B was not 
sufficiently great to result in improved A-C 
performance, and associative interference 
came into play early during the acquisition 
of C-D. 

There are no residual effects of the TPI 
on third-list learning. For the A-C par- 
adigm the mean total numbers of correct re- 
sponses were 28.44 and 2972 in immediate 
and in delayed IL, respectively. The cor- 
responding values for the C-D paradigm are 
32.44 and 31.38. There is no significant im- 
provement between the second and the third 
list. 
Recall: Effect of IL-test interval (Exp. 
IIT). —Figure 5 shows the mean stringent 


scores for the two retention intervals. The 
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Fic. 5. Mean stringent recall scores on the 
(To facilitate comparison with 


test, Exp. III. 
results of the common 


firstlist scores again yield substantial RI 
for both paradigms, although recall is some- 
what higher for C-D than for A-C. As 
expected, there are clear rises in first-list 
recall on the delayed test. The amounts of 
recovery are comparable under the two con- 
ditions of transfer. The decrease in loss 
scores is 1.4 for A-C and 1.6 for C-D. In 
the control condition the amount forgotten 
increases by .5 items. In the analysis of 
variance of the loss scores, F (1, 102) = 
79.66 for the difference between the control 
condition and the combined experimental 
conditions. There is also a significant over- 
all difference between A-C and C-D in favor 
of the latter, F (1, 102) = 473, p < 05. 
The critical evidence for recovery is pro- 
vided by the presence of a significant Con- 
trol-Experimental Difference x Retention 
Interval interaction, F (1, 102) = 5.80, p< 
02. Within the experimental treatments, 
paradigm does not interact with retention 
interval, F < 1, 

It was found in the earlier study that 
after a low degree of OL, only the relatively 
strong first-list items showed recovery. As 


control groups are plotted 


immediate and on the delayed 
the experimental groups, the 
in both panels.) 


ra wider 
e O0 
the 


Fig. 6 shows, recovery occurs ove 
range of item strengths when the degre 
OL is increased. In the A-C condition at 
function for the delayed test lies above the 
for the immediate test at all ranks. I” for 
case of C-D the functions diverge oir a 
the stronger half of the items. Howe ke 
the figure indicates, recall of the M dl 
items on the immediate test was relat! er- 
high under this condition of transfer; Pet 
haps because of the use of a fixed num 


: " any 
of practice trials beyond criterion. n the 
event, the opportunities for recovery nder 


weaker items were more limited than " 
the A-C treatment. the 

Second-list recall increases betwen pat 
immediate and the delayed test for bo e 105? 
adigms. Analysis of variance of P tention 
scores shows the main effect of Tet") g7, 
interval to be significant, F (1, Ls basis 
P < 05. As would be expected on t^? score? 
of the trends in acquisition, the m n the 
are greater for A-C than for C-D large" 
immediate test, but this difference p par 
eliminated after a delay. However, t6, t 


n 
3 ion 15 
adigm X Retention Interval interact! 


CONDITIONS OF RECOVERY AFTER UNLEARNING 


i 
T - A-B, A-C, A-0 A-B, C-D, E-F Control 
T ——— 
a 
80 
260 
© 
8 
E 
€ 40 
$ 
| ? 
Š ———Immediote test 
20 E ——Deloyed tes! 
li 
f o ——À —1-— L —À 
1-2 3-4 5-6 7-8 1-2 3-4 5-6 7-8 l-2 3-4 5-6 7-8 
Weok Strong Weok Strong Weok Strong 


Ronk in leorning 


Fic. 6. Percentages of recalls on the 


function of the strength of the items 


Telia eo 
cl ble, F = 200. There are no significant 
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Since the y, lenient scores are not reported 
ma ES no essential new information. 
: Effect of TPI (Exp. IV).—As 
stantial owe first-list recall drops sub- 
When the m both conditions of transfer 
to the PI is moved from the beginning 
end of the retention interval. The dif- 
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immediate and on the delayed test as a 
in acquisition, Exp. III. 


F (1, 85) 21028, p< .01. The drops in 
performance for A-C and for C-D are es- 
sentially equal, with F < 1 for the Paradigm 
x TPI interaction. Immediate IL produces 
higher recall than delayed IL over the entire 
range of item strengths under both par- 
adigms (see Fig. 8). It is useful to note 
that manipulation of the TPI produces larger 
changes in recall than the introduction of 
an IL-test interval. Parallel comparisons 
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Fic. 8. Percentages of recalls after immediate 
and aíter delayed IL as a function of the strength 
of the items in acquisition, Exp. IV. 


were difficult to make in the first study 
because of the generally low level of recall, 
but the same seemed to be true for the A-C 
though not for the C-D paradigm. 

The second-list scores also show a decline 
when IL is delayed rather than immediate. 
The effect of the TPI fails, however, to reach 
significance, F = 2.84, nor does it interact 
with paradigm, F < 1. Delay of IL again 
produces small and nonsignificant increases 
in third-list recall attributable to the reduc- 
tion in the retention interval for that list. 

Order of output in recall —Table 5 pre- 
sents the C scores indexing the relative pri- 
ority of the three lists in the order of output. 
The scores were calculated in the manner 
described previously. Two Ss were elimi- 
nated from each group on the same basis as 
before, so that n = 16 per group. In gen- 
eral, the degree of priority in recall is directly 
related to the recency of acquisition. The 


systematic effects associated with the ess 
poral changes in interference are Fe geri 
Recovery (Exp. IlI) is accompanied (fe 
shift forward in the recall sequence of e 
first list and, to a lesser extent, of the secon 
list, with a correlated reduction of the pu 
in favor of the most recent list. For Es 
first-list scores the main effect of the rs 
tion interval is significant, F (1, 60) — d 
P < 02. There is no Paradigm X Rete fie 
Interval interaction, F « 1. It shoul es 
noted that on both tests the first-list S ting 
are higher for C-D than for A-C, sugges al 
more effective suppression of the podre 
list under the latter than under the or 
condition. The overall difference E = 
the paradigms is significant, F (1, 6 ela- 
5.93, p < .02. As expected, the direct T^. 
tion of priority to recency of paro 
comes more pronounced when IL is de T he 
rather than immediate (Exp. IV) 99 = 
effect of the TPI is significant, F (1, liable 
482, p« 05. Again there is no relian 
interaction. of the temporal variable 
paradigm, F « 1. . d 
In spite of the absence of significant t 
actions, there is some indication, je in 
was in the earlier study, that the shi 2G 
the order of output are less sharp in pem e! 
than in the C-D condition. It was acm 
that Ss’ tendency to cluster the ec AR 
à common stimulus imposes a certain 2! - of 
of constraint on variations in the d ee 
output. In the present results tering: 
again substantial evidence of such clus on 
When IL is immediate, the index 15 layed 
the immediate test and .27 on the = All 
test. With delayed IL the value is 38. than 
three indexes are significantly greate" ; 


zero (p< 01); while they do not 


ater- 


TABLE 5 


RELATIVE PRIORITY OF RESPONSES FROM THE THREE Lists IN 
ORDER or Output, Exp. III AND IV 


A-B, A-C A-B, C-D 
TPI Retention interval ist 3 
List 1 List 2 List 3 List 1 List 2 a 
Immediate Immediate 3.98 4.90 5.54 4.37 4.92 544 
Immediate Delayed 4.37 5.06 5.26 4.94 4.98 5.8 
Delayed Delayed 4.02 4.85 5.55 4.04 4.61 


Note.—Entries are means of mean C scores, 
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r TABLE 6 
MEASURES or Accuracy OF List IDENTIFICATION, Exp. lII AND IV 
TPI Retention ade paid His 
interval 
Differ- iffer- P 
mcr | yra | ence | %CI | SFA DE | cr | %FA Ei 
t A-B, A-C 
mmediat, r = 
Immedi e | Immediate | 87 5.5 2 5.3 
iate a i 5.5 82.3 75.3 8.5 66.8 91.4 
Delayed pelayed 802 | o1 | 741 | 723 | 154 | 569 | 842 DEC 
aye 864 | 29 | 83.5 | 84.6 &0 | 76.6 | 93 6.5 | 86.6 
i A-B, C-D 
mmedi; i. 
Immediate | Immedi 3 5 
ediat iate| 81.3 6.3 75.0 60.2 42.7 81.6 "i 5 
Delayed | Delayed 826 | 74 | 75.2 | 623 104 | 677 I1 $26 
elayed 734 | 52 | 682 | 66.7 us | 791 | 131 | 66.0 
Note... ; 
*.—CI = Correct identifications; FA = False alarms. 
eliabl 
y fr " , r 
om each other, the introduction relatively low levels of strength. In any 


an à 

Riida st interval again leads to some 
at the dien clustering. It would appear 
ulus in ty Isposition to respond to each stim- 
rents an in accordance with the require- 
Onger ag i acquisition procedure persists 

ist iq, he degree of OL increases. 
Ment; icone fiho measures of list 
are iens id which are presented in Table 
gency eR ered next. The primacy and 
He of the cus favoring accurate identifica- 
roug mo T and third lists are in evidence 
9t ALC th, As before, the scores are higher 
Plin ; han for C-D. With only one ex- 
o figno eee assignments are made most 
iy to List 2. The IL-test and the 
: A iiem have little effect on the 
ed at ist identification, i.e., the changes 
er ida lower level of learning are no 
rj Stman he In a previous investigation 
i in fir al, 1968) it was found that 
qe ease st-list recall were accompanied by 
3t sty diae Some of list identification. In 
mont Y the lists were longer and the 
ps there RI greater than in the present 
pretee in was evidence of proactive inter- 
aE iae recall of the third list as well. 
he tved ts, in conjunction with the trend 
" es Exp. I, suggest that there may 
dig Tacy oF Telation between recovery and 
thans of — identification only under con- 
. Original eavy interference in which both 
and the interpolated lists are at 


Sery 
lY 


event, changes in the measures of list identi- 
fication appear to be less closely and less 
reliably associated with recovery from inter- 
ference than are systematic shifts in the 
order of output of the responses. This fact 
may be viewed as consistent with the as- 
sumption that recovery reflects primarily the 
dissipation of response set interference. 


EXPERIMENT V* 


Method 


Design—In 
recovery of bac 
the conditions of transfer. 
transfer were compared, viz., A-B, C-B and A-B, 
B-C. Recovery was expected only under the latter 
treatment for the reasons discussed in the intro- 
duction. The design comprised the factorial com- 
binations of three treatments and two retention 
intervals. The treatments included the two transfer 
paradigms and a control condition in which Ss 
learned and recalled a single list. The first-list 
retention interval was either 16 or 36 min. In 
the experimental conditions these intervals repre- 
sented delays between IL and test of 2 and 22 
min., respectively. 

Lists—The learning materials were lists of 
eight paired associates, with two-syllable adjectives 
as both stimuli and responses: The inclusion of 
the A-B, B-C paradigm made it necessary to draw 
stimuli and responses from a common pool of 
items. Three sets of eight adjectives each were 
used in the construction of the lists, with each set 


Exp. V, interest centered on the 
lward associations as a function of 
Two paradigms of 


5 The authors are grateful to Ellen Rossman for 


her assistance. 
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a ing the stimulus and the response positions 
aust chen: There were six different lists of 
paired associates representing the six possible 
permutations of the three sets of words. These 
six lists were used equally often as the first and 
as the second task. The permissible combinations 
of first and second lists were determined by the 
requirements of the transfer Paradigm. Similarities 
of meaning and pronunciation were minimized both 
within pairs and between lists. 2l 

Learning procedure.—Learning was by the antici- 
pation method at a 2:2-sec. rate, with a 4-sec. 
intertrial interval. There were four different orders 
of presentation. The first list was learned to a 
criterion of 7/8, and there were 15 anticipation 
trials on the second list. Practice on the second 
list began 2 min. after the end of first-list learning. 
The instructions for second-list learning included 
an explanation of the relation between the two lists. 
A visual display, in which simple geometric forms 
were substituted for the conventional letter desig- 
nations of stimulus and response terms, was used 
to illustrate the nature of the paradigm. These 
additional instructions were introduced primarily 
for the purpose of minimizing the confusion likely 
to follow the change in the function of the B terms 
in the A-B, B-C condition; the appropriate in- 
formation was, of course, given under both treat- 
ments. The part of the retention interval not occu- 
pied by IL in the experimental conditions, and the 
entire interval in the control condition, was filled 
with work on arithmetic problems. 

Test of recall—In view of the dual function of 
the B term in A-B, B-C, it was considered best to 
test R-S recall for the first list only, The first-list 
responses were presented in the window of the 
memory drum one at a time. The items were pre- 
sented in the order that would have occurred if 
there had been an additional learning trial. The Ss 
were instructed to call out the stimulus that had 
been associated with a given response during first- 
list learning. The test was entirely S-paced. At 
the end of the test, S was permitted to make written 
changes and additions on his protocol and was 
encouraged to include stimulus terms that he was 
unable to pair with the appropriate response. 

Subjects—The Ss were undergraduate students 
at the University of California. There were 18 Ss 
in each of the six groups. Assignment to condi- 
tions was in blocks of 6, with 1 S from each 
condition per block. The running order within 
blocks was determined by means of a table of 
random numbers. In order to restrict the range 
of variation in ability, Ss who reached criterion on 
the first list in 1 trial or who required more than 
15 trials were discarded and replaced by the next 
S appearing in the laboratory. 


Results and Discussion 


First-list learning —The mean number of 
trials to a criterion of 7/8 was 7.32, with 
the means of individual groups ranging from 
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5.72 to 7.89, F=1.25. On the es 
trial the mean number correct was 7.14, d 
a range of group means from 7.06 to 7.24, 
F<, bers 
Second-list learning —The mean numb 
of correct responses in 15 trials of meat 
tion learning were 99.9 for the. C-B Tui 
adigm and 90.6 for the B-C paradigm. 


difference is significant, F (1, 70) — 632, ? 


ea 5 
X 0l. Inspection of the acquisition curve 
shows a substantial separation beina a 
two conditions of transfer on the after. 
trials, with a gradual convergence ther noe 
While the absolute amounts of param a 
specific transfer cannot be determined * can 
absence of a C-D control base line, !' as- 
be concluded that the relative degree 0, c 
sociative interference is greater in e^ 
than in the C-B paradigm. The ap T tion 
Source of interference in the B-C S terms 
is the change in the function of the B, e of 
The frequency of stimulus errors, "higher 
stimulus terms given as responses, uda 
for the B-C than for the C-B conditi The 
though the rates are low in both Cae puni- 
mean percentage (to the base of OPP, «d 
ties) of stimulus errors for B-C is oaché? 
for C-B is 17. The difference apk " 
significance by the Mann-Whitney t€ "and: 
1.80, .10 < p < .05. A complementa i 
ing is that the mean percentage of mi ) € 
responses is somewhat higher 
C-B than for B-C (18.4), but this differ or 
is not reliable. While the trends T jste 
rates are not conclusive, they are pa of 
with the assumption that the ape with 
stimulus terms as responses tapete af 
differential frequency under the t" eno 


adigms. Consequently this error te and? 
may be more thoroughly suppress nd tH 
the B-C than the C-B treatment, 2" alu? 


" 
inhibitory set may generalize to the y RO 
terms of the first list at the time n 5E 
recall. In addition, as has already bee 
gested, the first-list stimulus. terms 
selves are subject to suppression pe the 
tent that they occur as intrusions ch overt 
acquisition of the transfer list. n t 
intrusions were, as usual, infrequen^ 
total number of occurrences was at 
B-C (10 cases) than for C-B (3 c? 


O* we 
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TABLE 7 


MEAN NUMBERS or STIMULUS TERMS 
ECALLED IN MFR, Expr. V 


A-B, C- ar 
Retention i A-B, B-C Control 
nterva] S 
trin- | Le- | Strin- 3 gs a 
gent | nient | ‘gent | nient | gent | nient 
i 
elaycate | 2.72 | 3.50 | 2.72 | 3.50 | 5.72 | 6.11 
2.17 | 2.89 | 3.61 | 4.33 | 5.44 | 5.67 
Re 
is call—Performance on the test of recall 


Eon, ee in Table 7. The stringent 
, terms E eai correctly paired stimulus 
| tes alled during the main phase of the 
all tees scoring, credit was given for 
le fenis terms recalled at any time during 
they Wer procedure regardless of whether 
SPonse M rss with the appropriate re- 
Scores em he lenient as well as the stringent 
tween - presented because the differences 
Call atter * th are appreciable and serve to 
Specific Eien. ite the relative weakness of 
Ward Je -S associations at the end of for- 
h arning. 

amount agent scores yield a substantial 
Tetention RI on the immediate test. The 
Mig pes are identical for the two par- 
EN decli n the delayed test, however, there 
Control a for C-B and a rise for B-C. The 
twee, ,COndition shows a moderate loss be- 
igure € immediate and the delayed test. 
are re shows that the mean differences 
Yar ier esentative of those obtained for items 
8 widely in forward strength. Only 


A-B, C-B 
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if the correlation between the forward and 
the backward strength of individual items is 
assumed to be very high can these findings 
be generalized to the relation between de- 
gree of R-S learning and temporal changes 
in R-S recall. 

Analysis of variance (after a Freeman- 
Tukey square-root transformation to remove 
heterogeneity of variance) yields two signifi- 
cant effects. The overall difference between 
the control condition and the combined ex- 
perimental conditions is, of course, signifi- 
cant, F (1, 102) = 95.25. In addition, there 
is a significant Paradigm X Retention In- 
terval interaction within the experimental 
conditions, F (1, 102) = 4.72, p < .05. This 
interaction reflects the fact that there is a 
decline for C-B and a rise for B-C between 
the immediate and the delayed test. How- 
ever, when the B-C and the control condi- 
tion are compared directly, the interaction 
with retention interval is not reliable, F — 
2.04. While the lenient scores are con- 
sistently higher than the stringent ones, the 
pattern of results is the same and the statisti- 
cal conclusions remain unchanged. 

Since Ss were required to recall first-list 
stimuli only, intrusions from the second list 
were possible. In the case of C-B the in- 
truding terms were second-list stimuli. 
There were 9 such cases on the immediate 
test and 13 on the delayed test, and these 
may be taken to reflect occasional failures 
of list differentiation. For B-C the intrud- 
ing items were second-list responses. There 


Control 


——— Immediate test 
——Delayed test 


5-6 7-8 1-2 3-4 56 7-8 
Strong Weok Strong 


Ronk in leorning (S-R) 
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Menge fF rength of the items in acquisition, Exp. V. 


as a function of the S-R st 
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were 3 occurrences on the immediate test 
and 10 on the delayed test. Virtually all 
the intrusions for B-C were appropriately 
paired, and only slightly less than half were 
for C-B. It can be seen that the rise in 
first-list R-S recall occurs under the B-C 
paradigm in spite of some apparent loss in 
the ability to differentiate between the as- 
sociates, one forward and one backward, of 
the B terms in the successive lists. The fact 
that all items belonged to the same class was 
undoubtedly conducive to the loss of differ- 
entiation. In any event, to the extent that 
such losses occurred, the test for absolute re- 
covery was conservative. 

'The results of the statistical tests limit 
the conclusions that can be drawn from the 
observed changes in R-S recall. The sig- 
nificant Paradigm x Retention Interval in- 
teraction supports the argument that the 
processes responsible for the retroactive 
losses under the two paradigms are differ- 
ent. This inference is strengthened by the 
fact that RI on the immediate test turned 
out to be identical under the two conditions 
and the subsequent temporal trends were in 
opposite directions. Strictly speaking, it 
cannot be stated that R-S recall shows ab- 
solute recovery under the B.C paradigm 
since the interaction with retention interval 
fell short of significance in the direct com- 
parison with the control condition. The evi- 
dence clearly points toward the conclusion 
that recovery occurred. At the same time, 
the limited amount of improvement, along 
with the outcome of the statistical tests, in- 
dicates that the recovery effect is marginal 
at best. 


GENERAL DISCUSSION 


The theoretical considerations that led to the 
formulation of the present experiments have 
been set forth in the introduction. The general 
discussion of the results may be conveniently 
cast in the form of a series of conclusions. 

1, Evidence has been obtained for the re- 
covery of first-list responses under both the 
A-C and the C-D paradigms. The occurrence 
of recovery was found to be critically dependent 
on the degree of first-list learning. The re- 
versal of the conditions responsible for the 
retroactive losses observed immediately after 
the end of IL is gradual and probably only 


partial. Hence there appears to be, under given 
conditions of IL, a critical degree of OL re- 
quired for the detection of recovery effects. 

2. There is no evidence of greater recovery 
under the A-C than under the C-D paradigm. 
In Exp. I there was a trend in the opposite 
direction; in Exp. III the amounts of mare! 
were closely comparable. It was suggested t - 
a theoretical model that postulates the be n | 
rent unlearning of contextual and SIE df | 
associations entails the expectation of grea ^ 
recovery for A-C than for C-D. Ad hoc T 
sumptions become necessary if the lack "e 
difference is to be accommodated. It could "A 
proposed that contextual associations are arn 
guished more thoroughly in the A-C men m ` 
the C-D condition. Such a proposal woul that 
inconsistent, however, with the assumption à 
unlearning is a function of the paradigm... 
transfer obtaining for a given type of ass con- 
tions (McGovern, 1964). With respect to sfer 
textual associations, the conditions of Ater 
are the same for A-C and for C-D. ffects 
natively, one may assume that unlearning à inâ 
for different types of associations interac ]ytic 
nonadditive fashion. In that case, the an 
and predictive usefulness of the aomp e 
analysis of unlearning would certainly on 
duced. Finally, the possibility may «ations 
sidered that extinguished specific assoc! ones 
recover much more slowly than contextus. ry 
and hence contribute little to the net T€ There 
observed over a short interval of time. uppo't 
are no obvious theoretical arguments 1n diui the 
of this possibility. In short, it appears ^ - «ter 
failure of the A-C condition to show Eiicult 
recovery than the C-D condition poses * tinctio” 
interpretative problem for current €% 
models. nsiste”t 

3. The results may be viewed as C0 cents 
with the hypothesis that recovery °P pons? 


largely or entirely the dissipation O response 
set interference. If the degree % ount” 
suppression varies directly with the 7! i 
associative interference in transfe", tent 


greater for A-C than for C-D, then aot need 
of recovery over a fixed period o y re t 
not be proportional to the amount iy te 
active loss observed on the imma g eate 
Rather the proportional gain should da " 
for C-D than for A-C. In Exp. I served on 
rise in total recall scores was du th the 
for C-D, although the performance mi for, iy 
mediate test was approximately E el itia 
two paradigms. In Exp. III, C-D "amounts 
superior to A-C, but the absolute - tio? 
gain were equal. Thus, a greater PT 
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os hee lost does appear to recover 
ence, — 7 9€ OF heavy associative interfer- 
Pi eigen ear of the TPI yielded results 
tional pene, h those obtained by the conven- 
ect of ges of measuring recovery. The ef- 
More pong e variable was found to be 
the IL test peed when the TPI rather than 
ecame ap interval was manipulated. It also 
of design | sl however, that the two types 
the Piet provide equivalent methods for 
Orward shift i of recovery. It is true that a 
he interval ies the TPI reduces the length of 
ving Fener uiing which the processes under- 
however he = develop. At the same time, 
cause the end hetween OL and IL may 
"hd render tha Ist associations to lose strength 
See, Ther em more susceptible to interfer- 
the condit; € may also be systematic changes in 
and paditions of transfer during IL. (Exp. II 
Furthermore, the conditions of list 


acquire ee original and the interfering lists 
Thus i ely distinctive temporal “tags.” 
erences in the effects of temporal 


] 


Mani 

"Dipulati ; 

dur mM Obtained under the two proce- 
le E 

"eservati complexly determined. With these 


k nverge i the two designs yield results that 
firsts IN supporting the empirical fact of 
Ist recovery, 

the "s Stematic shifts in the order of output of 
ie eo from the successive lists accom- 
bias in pe reflecting a reduction of the 
Seria avor of the more recently learned 
n the | These changes are fully consistent 
E hypothesis of response set interference, 
ciative s Principle be attributed to gains in 
"Dora cl trength as well. The nature of the 
hea Mined ranges in the degree of stimulus- 
ie. Clustering points to the effective- 
of associative factors in governing the 
Sup, as a the degree of clustering de- 
ingested Call increases. It has already been 
terva that the introduction of an IL-test 
slab ss enhance S's disposition to Scan 
malus ies and to match them to the 
Weta ea The more general point war- 
te Keri nsideration is that the delay serves to 
coq Oral es Constraints that the physical and 
an im Trangements of the acquisition pro- 
frase on S’s mode of performance. 
to SOciatine as repeated response ea 
ome Pese matching are increasingly likely 

[s evelo play as the delay is lengthene k 
Hy S; ODS, as it were, a gradual shift from 
Sociative responding to retrieval and 


matching of responses. Thus, recovery may 
reflect not only the dissipation of response set 
interference, but also a beneficial change in the 
mode of recalling. 

6. The temporal changes in R-S recall bear 
out the view that functionally different mecha- 
nisms are responsible for the losses produced by 
IL under the C-B and B-C paradigms. The 
results are consistent with the hypothesis that 
in the case of D-C, a tendency established dur- 
ing acquisition to suppress stimulus terms 
gradually dissipates, whereas the losses for C-B 
reflect a process of reproductive inhibition 
localized in the test stage. There was only 
marginal evidence, however, for absolute re- 
covery in the D-C condition. To put this find- 
ing into perspective, it is well to bear in mind 
that the backward associations established dur- 
ing OL in the present experiment were weak 
relative to the forward ones, as is evidenced 
by the level of recall of the control group. 
Hence backward associations were more vulner- 
able than forward ones to RI and benefited less 
from the gradual dissipation of interference over 


time. ] 

7. The comparisons O y ef 
tained under various paradigms bring into focus 
a general problem of inference that is likely to 
arise when a difference, or more particularly a 
lack of difference, between amounts of inter- 
ference is to be interpreted. When different 
manipulations produce equal amounts of inter- 
ference, it is clearly hazardous to conclude that 
the underlying mechanisms are the same in each 
Conditions yielding identical amounts 
on an immediate test may 
(Exp. I and V). The analy- 
of recovery may thus provide 
d for assessing the mechanisms 
into operation under 


f recovery effects ob- 


case. 
of retention loss 
diverge over time 
sis of the course 
a sensitive metho r 
of interference coming 
different conditions of transfer. 
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A two-part experiment was carried 


memory-span task as a function of the p 
experiment used a memory^s 
here the presentation mode 
v he second task, 
visual five-letter sequences simultaneously an 
auditory or visual sequence—establishing a pr 


The first part of the 
eight-letter sequences wW! 
was randomly mixed. In t 


between mode preference in the secor 


visual and auditory items in 
auditory items regardless 
interpreted as support for t 
auditory storage system. 


of their 
he notion tl 
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cal ek E of experimental and theoreti- 
ral yea as been reported in the past sev- 
Stored ed on the nature of information 
ral theo short-term memory (STM). Sev- 
augher ries (Atkinson & Shiffrin, 1968; 
Poseq Hs 5 1969; Sperling, 1967) have pro- 
Storage a STM is primarily an auditory 
mg of M ope i.e., it consists of an encod- 
‘formation, auditory characteristics of the 
hse € are several lines of evidence that 
asicall, d to the conclusion that STM is 
: y an auditory representation. Analy- 
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the first task show 


out to explore performance on a 
resentation mode that Ss prefer. 
pan procedure involving 
(visual or auditory) 
Ss were exposed to auditory and 
d could record either the 
eference. The compatibility 
and relative performance on 
ed that Ss perform better on 
This result is 
is basically an 


nd task 


mode preference. 
hat short-term memory 


intrusion errors in memory-span or 
modified-span studies (eg. Wickelgren, 
1965a) have shown that incorrect items tend 
to have auditory characteristics in common 
a the correct items for which they were 
ch analyses have failed to 
based on visual dimensions. 
of experiments, also em- 
ploying a memory-span procedure, has ex- 
plored the effects of interitem similarity on 
performance. Experiments in which the 
auditory similarity between items within a 
sequence was varied showed that perform- 
ance under conditions where items were 
auditorily distinct was superior to conditions 
where items were auditorily similar (Con- 
rad & Hull, 1964; Wickelgren, 1965b). 
Other experiments (Baddeley, 1966; Cim- 
balo & Laughery, 1967) have shown little 
or no effect of visual similarity between 
items on performance. Murdock (1968) 
reported results representative of a third 


ses of 


witl 
substituted. Su 
show similarities 
A second series 
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line of evidence related to the issue. Using 
a probe technique, Murdock compared per- 
formance as a function of the mode, auditory 
or visual, in which the information was pre- 
sented. The results showed that perform- 
ance is superior for the auditory presenta- 
tion mode and suggest that the modality 
effect represents differences in storage as 
opposed to retrieval. Murdock's results can 
be viewed as supporting the suggestion that 
STM is basically an auditory storage, since 
the auditory presentation is compatible with 
the information being stored. 

One aspect of the issue as to the nature 
of information stored in STM that has not 
been explored to date concerns how Ss pre- 
fer-to process or deal with information in 
STM. If S is viewed as an active pro- 
cessor with control over what gets into 
STM, the results of the aforementioned ex- 
periments may be due to the fact that most 
Ss prefer to auditorily encode the informa- 
tion. If one can control or identify the in- 
formation that Ss process or store, and if 
some Ss process or encode the information 
visually, it may be possible to show that the 
results of the aforementioned experiments 
reflect a processing strategy as opposed to a 
basic characteristic or property of STM. 

One line of research that has prompted 
this approach to the issue is the work on 
visual imagery reported by Bugelski, Kidd, 
and Segmen (1968) and Paivio (1968). 
The results of these studies indicate that 
performance in a memory task is greatly 
improved when Ss are instructed to visually 
encode (form images of) the information. 


The present study is an attempt to deter- 
mine if Ss have preferences for processing 
information in a particular way, if Ss differ 
in these preferences, and if performance is 
a function of these preferences. 


METHOD 


Subjects—Sixty-seven students enrolled in an 
introductory psychology course at the State Uni- 
versity of New York at Buffalo participated in the 
experiment to fulfill a course requirement. 

Design.—There were two distinct parts to the 
experiment. The first phase consisted of a single 
factorial design where the variable manipulated 
was presentation rate. Five levels of rate were 
used (.5, 75, 10, 2.0, and 3.0 sec/item). The 
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number of Ss per group ranged from 7 to 19 (i.e, 
rate was manipulated as a between-Ss variable). 
In the second phase of the experiment a simi a 
design was used, although a somewhat giten 
task was involved (described subsequently) d 
same five levels of presentation rate represente 
the single factor in this phase. s 
Mc DE first phase of the experiment 
consisted of a memory-span procedure in which rae 
were exposed to 15 eight-letter sequences. eM 
presentation mode, visual or auditory, was oin a 
within each sequence. In other words, LIE y 
sequence some of the items were presented visu s 
and others auditorily. At the end of each ym 
Ss were required to write down as many © ded 
items as they could remember. The Ss recor ht 
their responses on answer sheets containing Ke 
spaces, and instructions were given to guess W 
necessary. » 
The second phase of the study was 4 mode 
preference test and was administered immedia! 
after Phase ] was completed. In this phase, re- 
were exposed to 15 sequences of five letters v i- 
sented visually and five letters presented were 
torily. The auditory and visual sequences sa 
presented simultaneously and consisted of the is 
five letters but in different orders. The P afi 
which the sequences were presented was the ent 
as S had received in Phase 1 of the expe Pes. 
The Ss were told that the visual and auditor ers 
quences would contain the same set of five urthe" 
but in different random orders. They were at the 
instructed that they could record the items f yere 
end of the presentation in the order that they wert 
visually presented, in the order that theY “Jn 
auditorily presented, or in a mixed Or “etter 
other words, S was free to record the five 
in any way he chose. 4 
At the end of Phase 1, Ss were asked pe 
down any strategies that they used to reme 
the letters. Following Phase 2, Ss were 25 eml 
note the order in which they preferred to rem! 
the sequences and why. ted 
Apparatus.—The visual items were — fert 
an in-line digital display unit (Binavie nde 
the item was a fizhited Tetter on a dark backer? for 
A closed-circuit television system was ps 9n. 
presentation. The letters appeared on ? "The 
television set placed in a university classroom". tele 
letters were approximately 9 in. high on e 
vision screen. The auditory items were Ue was 
on a Roberts 1057 tape recorder. A spea“ pette 
connected to the tape recorder to provide 
quality of auditory presentation. the tele 
The speaker was placed to the left ee roo? 
vision set on a table in the front of OX gisua 
Synchronization between the auditory ze 3 
items was possible through the use O md gens 
Sync on the tape recorder. Small piece A 
ing tape placed at timed intervals on the 
tapes set off the visual presentations- 
Materials —Fifteen sequences of eight 
ing, randomly drawn letters were used. 
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tor; à A 
d cm eid item presentations were randomized 
mode T ne e with the restriction that neither 
three fiuies) d ware than five times (or less than 
Eom of 5 within a sequence. Each of the five 
Was NL. the same 15 sequences. Each 
umns iudicet WE sheets which contained col- 
the ti ig where to record each sequence at 

epee recall. 
ive a d rci study, 15 sequences of 
"Or each sequent random consonants were used. 
Was presented nce, one order of the five consonants 
Same five cons visually while another order of the 
auditorily, A onants was simultaneously presented 
me a differ stipulation was that at each point in 
auditorily. P consonant appeared visually and 
record the s nswer sheets indicating where to 
Same seque equences were given to each S. The 
nces and orders of presentation were 


Used i, 
in ea 
Were diee, o the five groups; only the rates 


RESULTS 


In o, 
rder ae . 
the | der to minimize practice effects, only 


the do Sequences of each S's data in 
Criterion es -span task were analyzed. The 
a Proper im the number of correct items in 

; position. An analysis of variance 


feet 4 mi E Significant presentation rate ef- 
Means E ; 62) — 7.09, p < .005, where the 
the 5 “ae 34, 44, 39, 48, and 60 for 
tively, ^7 1.0, 2.0, and 3.0 rates, respec- 
E 


n which detailed analysis was carried out 
Senteq i performance on the visually pre- 
9n the ems was compared to performance 
S ee presented auditorily. Since 
Hons for a of auditory and visual presenta- 
;etely [os last 10 trials were not com- 
Visual jp anced (46 auditory items vs. 34 
Rode ben percentage correct for each 
= Plotte S used as a criterion. The results 
aee ri in Fig, 1. An analysis of vari- 
2) = ocr that presentation mode, F (1, 
(4, 62) P.S 001, and presentation rate, 
The M J= 5.2, p < .005, were significant. 
o S X Rate interaction was also sig- 
the qig Z (4 62) = 4.69, p < .005, with 
te nee between auditory and visual 

e ag at the slower rates. 
audy gies of the second phase of the 
wed t © mode-preference task, were an- 
S Prefer determine which, if either, mode 
due Ces Tred to process. The last 10 se- 
Preenta Were analyzed for each S and the 
NY or Se of sequences recorded in the audi- 
Sr. visual order, or in a mixed order 
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MODE OF PRESENTATION: 
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Percentage of items correct for each 
mode in the memory-span task. 


Fic. l. 
were determined. The results are shown in 
Fig. 2. Clearly, the preference is for the 
auditory mode at the faster rates, with the 
difference decreasing at the slower rates until 
at a 3.0-sec. presentation there is no clear-cut 
eference. A performance analysis 
based on the number of correct items indi- 
cated no differences due to rate. This was 
expected, however, since most Ss can recall 
five items even at the fast presentation rates 
(the mean number correct for the different 
rate conditions ranged from 4.73 to 4.84, 
indicating a clear-cut ceiling effect). 
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Fic. 2. Percentage of sequences recorded on 
the basis of presentation mode in the mode-pref- 
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TABLE 1 


MopE-PREFERENCE ANALYSES: NUMBER OF 
Ss iN EACH PREFERENCE CATEGORY 


Classification based 
on recall order 


Classification based 
on protocols 


Presenta- 
tion rate 
Aud Vis Mix Aud Vis Mix 
5 14 2 3 15 2 2 
E 10 3 1 9 4 1 
1.0 5 0 2 5 1 1 
2.0 6 3 1 5 2 3 
3.0 5 6 6 4 6 7 


Based on the order in which the five-item 
sequences in the mode-preference task were 
recorded, each S was put into an auditory, 
visual, or mixed preference category. The 
rule for assigning an S to one of these cate- 
gories was that if 6 or more of the 10 se- 
quences were recorded in a particular mode, 
S was assigned to that category. If an S 
recorded half of the sequences in each mode 
or if items were mixed within sequences, S 
was placed in the mixed category. 

The protocol obtained at the end of the 
mode-preference task was examined and also 
served as a basis for assigning Ss to the dif- 
ferent preference categories. The results of 
these classification procedures are shown in 
Table 1. It can be seen that there was a 
great deal of consistency between the assign- 
ments made on the basis of the protocols and 
the assignments based on performance in the 
task. 

Finally, an analysis was carried out to ex- 


TABLE 2 


PREFERENCE-PERFORMANCE COMPATIBILITY 
ANALYSES: NUMBER oF Ss WITH VARIOUS 
PREFERENCE-PERFORMANCE RELATION- 
SHIPS FOR EACH PRESENTATION 
RarE CONDITION 


Rate 
Preference- 
performance 


5 45 1.0 2.0 3.0 Total 
Aud-Aud 14 9 4 2 2 31 
Aud-Vis 1 0 0 1 0 2 
0 0 1 2 2 5 
1 4 0 1 2 8 
1 0 0 0 1 2 
0 0 1 1 3 5 
1 1 1 1 3 i 
Mix-Vis 0 0 0 0 0 0 
Mix-Even 1 0 0 2 4 7 
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plore preference-performance compatibility, 
i.e., how well Ss recall the visual vs. auditory 
items in the memory-span task as a function 
of their preferred mode as identified in the 
mode-preference task. For example, ifan 
preferred the auditory mode and also recalle 
more auditory than visual letters by 2 ri 
of 1096, he would be considered in the au : 
aud category and his preference-performane 
would be compatible. If the performance !' 
the two modes did not differ by more pes 
10%, the performance was classifie a 
“even.” The compatibility analysis is shon 
in Table 2. Of the 53 Ss who could clear y 
be categorized as auditory or visual with id 
spect to preference, the preference-perforr 
ance relationship was compatible for 33, heed 
compatible for 10, and unrelated for anota 
10. From the table, only 2 Ss preferre the 
auditory mode, but performed better O7 sid 
visual mode; while 8 Ss preferred the d 
mode, but performed better on the audi 
mode. —— 
To test the hypothesis that one thing ok 
membered about an item in an M U 
is the mode in which it was presente 
additional analysis was carried out on sj 
intrusion errors. Mode intrusion em 
errors made by Ss when they substitu ter 
letter of the same mode for the correct t° red 
Therefore, an auditory intrusion er ar 
when an S substituted another letter he“ ter 
in the sequence for the correct auditory : hen 
Similarly, a visual intrusion occurrec , 
an S substituted another letter he saw 7, 4. 
sequence for the correct visual letter- sed 
auditory and visual intrusions were CO' 
over presentation rate and are refe! 
as "mode intrusion errors." 
of mode intrusion errors over the tota 
ber of order errors for each indivi u 
regardless of mode, was calculated. 
was carried out to determine if the E 
rence of mode intrusion errors Was nt, £7 
than chance. The result was significa" ation 
2.64, p « Ol, indicating that DIC» s ma 
mode is a relevant attribute of the 1? 
tion stored in STM. 
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DISCUSSION jte? 
cons". n- 
The results of the present study ob the ™ 


with previous findings that empha 
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CORRER. 
tion in an E prefer to process informa- 
: y mode, at least at the faster 
Presentation rates, and the f b 
on items that are pres y psHonm etter 
Pared to tho à presented auditorily as com- 
A nose presented visually. 
leeren. explanation for the significant 
e mode-pr. ande preference and rate in 
Presentation E study and between mode of 
is based on eir mx the memory-span study 
When the : $ anslation process that may occur 
ince at fri ormation is visually presented. 
is ample ex slower presentation rates there 
Visual ME for S to translate the 
Sentation wl "d to an internal auditory repre- 
this mae is stored in STM, and since 
Quickly EE, pes probably takes place very 
Processes sucl eaves sufficient time for other 
Performance wil rehearsal to be carried out, 
Presentation vill not be greatly affected by the 
however rein At faster presentation rates, 
critical in th translation time becomes more 
ast rates E overall performance. Thus, at 
he informat will probably prefer to receive 
Processeq Pia: in the same mode as it is 
Evel of - ua this will result in a higher 
Or p rformance. 
owever ie a interest in the present study, 
2S who’ « E relative performance of those 
an "s er" to process the information 
Ode, Thitte, mode as opposed to a visual 
9n the au ae Ss preferred and did better 
an Dero, mode, while only 2 Ss preferred 
Other P better on the visual mode. Some 
Of the 59 parisons are even more interesting. 
“ther m Who could be classified as having 
Per otmed Rl or mixed preferences, only 
ther hand better on the visual items. On the 
BS herr of the 29 Ss who could be classified 
formed iu. d or mixed preferences, 15 per- 
Only re ter on the auditory items. Looking 
? der eer: Whose preferences were mixed, 
nong pe better on the auditory items, while 
Ri ally Tformed better on the visual items. 
Per orm z 2 Ss preferred the auditory and 
; re rii the visual items, whereas 
Ne audi the visual, but performed better on 
itory items, 
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All of these observations indicate that mode 
preferences which Ss have for processing 
alphanumeric information do not play a crucial 
role in STM. Rather, it appears that the 
storage of auditory information is a basic 
characteristic or property of STM. 
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HYDRO-HYPODYNAMIC SENSORY ISOLATION EFFECTS 
ON CONCEPT IDENTIFICATION' 


VLADIMIR PISHKIN 2 


Veterans Administration 


AND JAY T. SHURLEY ? 
1 Hospital, Oklahoma City 


One hundred and eighty male medical students participated in a study 


designed to test the effects of hydr 
on auditory concept identification (CI 
was no difference in CI performa 


o-hypodynamic environment (HHDE) 
). The major findings were: (a) There 
nce between HHDE conditions with 


immediate onset of CI problem and standard laboratory procedure; (b) 


performance improved after 30 min 
laboratory and control HHDE co! 
creased after 60 min. with some impr 
significant interaction effects were 
and duration in HHDE in both CI 


. in HHDE as compared to standard 
nditions; (c) errors significantly in- 
ovement after 120 min. in HHDE; (d) 
found between complexity of CI task 
errors and time estimation scores; and 


(e) Ss reliably underestimated time spent in HHDE. 


The present experiment was conceived to 
investigate the auditory concept identification 
(CI) performance of human Ss in a pro- 
found sensory isolation (SI) environment as 
a function of information complexity and 
duration in SI. 

There is ample evidence that for many 
Ss SI is a stressful procedure resulting in 
restlessness, inability to concentrate, dis- 
orientation in time, and decline in intellec- 
tual performance (Scott, Bexton, Heron, 
& Doane, 1959).  Pishkin and Shurley 
(19662) demonstrated reduction in operant 
conditioning rates of rats as a function of 
SI. Moreover, Rossi, Furhman, and Solo- 
man (1967), using electro-oculographic and 
electroencephalographic recordings, have 
shown that SI does not disrupt relationship 
between levels of arousal and thought pro- 
cesses, although mental experiences may be 
misinterpreted by Ss in the absence of usual 
cues. Although general evidence indicates 
that one should expect inhibiting effects of 
SI on cognitive performance, there is also 
evidence that SI may facilitate rote learning 


1The authors are indebted to Lyle E. Bourne, 
Jr. for his thoughtful suggestions in reviewing of 
the manuscript. Thanks are due to Lewis M. 
Jones, Aaron Wolfgang, and W. Vail Williams for 
their assistance in collecting the data. 

? Requests for reprints should be sent to Vladi- 
mir Pishkin, Veterans Administration Hospital, 921 
oo 13th Street, Oklahoma City, Oklahoma 

3 The authors are also affiliated with the Uni- 
versity of Oklahoma School of Medicine. 


48 hr. 


as the confinement continues up to 
(Vernon, 1963, p. 86). ing 
There is conflicting evidence concer” 
cognitive and perceptual functions m 
exposed to environments in which, tO 5 tla 
degree, there is reduction of sensory stim? ut. 
tion or general lack of information Len 


e 
Notably, recent experiments dealing vis 
duction of usual environmental cues {SI 
aimed at understanding the influences " 
in relation to a variety of psychologic? t al» 
nomena such as arousal levels (Ross 963); 
1967), verbal learning (Vernon, enso* 
thought disorganization in "acute it from 
deprivation” (Ziskind, 1965), and shi t pro” 
conceptual to perceptual mode thous’ : 
cesses (Shurley, 1960; 1966). cory 
The present state of research enn indi- 
and perceptual deprivation and isola" cog” 
cates that, in general, performance d ed, of 
nitive tasks is either impaired, una ec e the 
facilitated, depending on the natu! € < ome 
task. Equally important is a notion ot 9 of 


drive-enhancing arousing phenomena ^. «sor, 
1956; Suedfeld, Glucksberg, © jeve in 
1967). Presumably, general drive, hi the 
creases with SI duration. . Wit uld 
Yerkes-Dodson (1908) paradigm, : pur 
be expected that ST would facilitate n. ent 
task performance nonmonotonically unc 
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de m as function both of increased 
Anded ‘a (E of SI; thus, they also con- 
traditional 5 can be functionally related to 
i ate ai drive functions. It is important 
tetali * A that simple rote learning and 
ie SS are facilitated by SI, while 
(tin ces. 1H relatively more complex 
wordi pea with SI (Suedfeld, 1964). 
Deriora y, t is a plausible expectation that 
i ance of relatively simple cognitive 
ems would be less likely to be affected 


ad 
P by SI than more complex 


ed areis investigation was conceived 
in the E cid the effects of profound SI 
HDE. jd bypodynamie environment 
tion of audit urley, 1961) on the identifica- 
plexity a - ory concepts (CI). Task com- 
indepen duration of SI were the main 
Vestigati ent variables.  Secondarily, the in- 

on was designed to study the effects 
time lind subjective estimation of elapsed 
as a function of task complexity. 


METHOD 


Subj 
stude 5 One hundred and eighty male medical 
edicine v the University of Oklahoma School 
and y € volunteered to serve as paid Ss ($3.00/ 
to the e) re randomly assigned in groups of 3 Ss 

esi Rerimental conditions. . 

With 5 de. This was a 5 x 4 X 3 factorial design 
min, in ation conditions; 0, control, 30, 60, or 120 
34 levels of complexity: 0, 1, 2, or 3 
qQuency dimensions; and 3 problems: duration, 
Tant dime and number were used as the rele- 
*rent repr in the three problems. The dif- 
foie spredd c) types were introduced only to mini- 
und in of information among Ss, since it was 
Significant Previous study that they were not a 
1965), nt source of variance (Pishkin & Shurley, 


Tas, 
consist abparatus.—The 0-hr. SI group (0-SD, 
Performed of 36 Ss, reported to the laboratory and 
ky), task „on the auditory concept identification 
in Sh in the standard laboratory setting (Pish- 
Sisting of urley, 1965), The control group, con- 
in «collo 36 Ss, reported directly to the SI tank 
nS "us exactly the same procedure (described 
erdera tiie” section) as the HHDE Ss with 
T iate Ption that the CI task commenced im- 
jo ne after Ss were isolated (i.e, SI chamber 
n ed and lights turned out). The remain- 
, perf all of whom were exposed to SI con- 
-SI) Tmed on a CI task in the HHDE after 
Nuous g G0 (60-ST), or 120 min. (120-SI) of 
€ 0-ST exposure. ' 
low "SI group performed on a CI task in the 
S manner, The Ss were seated in a com- 
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fortable reclining chair located in a sound-atten- 
uated room and wore headphones throughout the 
experiment. They were given the following CI 
instructions by the male E: 


You will hear a series of tones through these 
earphones. Your task is to classify these tones 
into two categories. When the tone signal stops, 
this light will go on, indicating to you that 
you are to respond by saying either "X" or “O.” 
These tones may vary in different ways. They 
may be long or short, high or low in frequency, 
one or two in number. Only one of these ways 
will help you to categorize correctly. If you 
expect a particular signal to belong in the X 
category, when this light goes on, you will say 
“g” After you respond, either letter X or O 
will appear on this screen. If you said "X," and 
the letter X appears, you will be correct. If you 
said “O,” and the letter O appears, you will also 
be correct. However, if you said "X," and the 
letter O appears, you will be wrong. The same 
holds true if you said “O,” and the letter X 
Your job is to be correct as often as 


appears. 
possible. When this light goes on you are to 
respond. For a time you will be guessing. 


However, your guesses may turn out to be cor- 
rect. Do you have any questions? 


Instructions were elaborated to those Ss who 
could not understand the task, meaning oí the feed- 
back lights, etc. The same instructions were given 
in the SI environment, with the exception that Ss 
were told that they would hear a warning tone (5 
sec.) before CI procedure was initiated. They 
were not told how long they would be in SI 
before the CI task would start. All Ss were 
naive, and they had not previously been exposed 
to any CI studies, visual or auditory, nor to SI or 
social isolation. 

The relevant dimensions for the three problems 
were duration of signal (1 or 3 sec.) ; frequency 
(1,000 or 3,000 cps); and number (1 or 2 signals 
for a duration of 1 sec. with a l-sec. interval be- 
tween them). Number was irrelevant only with 
two or three irrelevant-dimension problems. "When 
a dimension was neither relevant nor irrelevant, 
it was always presented at one of its two levels. 
The levels were 1 sec. in duration on both ear- 
phones for laterality, 1,000 cps in frequency, 80 db. 
(SPL) in intensity (this dimension was not 
varied), and 1 signal in number. When laterality 
was used as irrelevant dimension, tones were pre- 
sented in either the right or the left earphone; 
this dimension was used only in three irrelevant- 
dimension problems. An auxiliary control circuit 
was built into the Ensco Model PC-1 Phantom 
Sound Unit, which consisted of a time delay relay 
controlled by a thyratron. The two resistance- 
capacitance networks controlled the thyratron in 
order to provide either 1- or 3-sec. duration pulses. 
The sound unit was also connected to a control 
box whereby E could select either a 1,000-cps or 


3,000-cps tone. 
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The Ss were presented with one of the three 
problems where either duration, frequency, or num- 
ber dimension was relevant. Within each problem, 
Ss were assigned to four equal groups whose prob- 
lem contained either 0, 1, 2, or 3 irrelevant dimen- 
sions. Thus the experiment contained the follow- 
ing 12 combinations of dimensions: (a) duration 
relevant, nothing irrelevant; (b) frequency rele- 
vant, nothing irrelevant; (c) number relevant, 
nothing irrelevant; (d) duration relevant, íre- 
quency irrelevant; (e) frequency relevant, dura- 
tion irrelevant; (f) number relevant, duration 
irrelevant; (g) duration relevant, frequency and 
number irrelevant; (/) frequency relevant, dura- 
tion and number irrelevant; (i) number relevant, 
duration and frequency irrelevant; (j) duration 
relevant, frequency, number, and laterality irrele- 
vant; (k) frequency relevant, duration, number, 
and laterality irrelevant; and (1) number relevant, 
duration, frequency, and laterality irrelevant. 

The sequence of tone presentations was random 
with restrictions that identical stimuli never oc- 
curred on successive trials; X and O responses 
were balanced. In the 0-SI condition, E sat and 
manipulated the controls from a position behind 
and out of sight of S. The feedback box (6x 5x 
4 in.) was positioned on the ceiling above and in 
front of S. The letter X or O was illuminated by 
E following S's responses. The task was self- 
paced, and on termination of the signal, a ready 
light on the feedback box was lighted for 1 sec., 
indicating to S to respond to the preceding stim- 
ulus. The criterion to solution was set at 16 
consecutive correct responses. In the SI situa- 
tion, E and controls were in the anteroom, and 
the feedback box was attached, as in the laboratory, 
to the ceiling above S in the tank, 

SI procedure.—For SI conditions, Ss reported to 
the laboratory and were asked to urinate before 
proceeding into the water in their swimming shorts. 
The HHDE was designed to achieve maximal 
diminution of all possible sensory input. It con- 
sisted of two rooms: the “SI chamber” was a 
lightproof, soundproof, 12 20 X 9 ft. room with 
an 8X8 ft. cylindrical water tank located in the 
center, The slowly flowing water was maintained 
at a constant temperature of 94° F. The second 
room was an antechamber where E manipulated 
the CI task controls. The antechamber was sepa- 
rated from the SI chamber by a heavy, insulated 
(cold-storage type) door and a soundproof wall. 
Each S wore a bathing suit and was positioned on 
soft, buoyant plastic foam strips under hips and 
neck to remain motionless at neutral buoyancy, face 
only above water. He was under instruction to 
inhibit body movements, consistent with comfort- 
able positioning, and to avoid painful discomfort. 
Waterproof earphones were placed on S, and the 
standard CI instructions were given. The S was 
then told that E would leave the room and the 
lights would be turned out. Then, after a certain 
period of time, S would hear a 5-sec. tone, at which 
time he was to say aloud that he was "ready." A 
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microphone was suspended directly above the 
tank, and S was told that E would be in the adja- 
cent antechamber throughout the experiment pus 
would be able constantly to hear S, but would p: 
communicate with him. At the end of the a 
procedure, lights were turned on and S was este 
to estimate his total time in the tank. A mer 
detailed description of the procedure in the SI ta" 
may be found elsewhere (Shurley, 1960). 


RESULTS 


The two major dependent variables per 
lyzed in the present study were (a) number 
of errors on the CI task and (b) the dis 
crepancy between the actual and the pe 
ceived time in SI. b 

Concept identification—Mean errors M 
the four SI-duration groups as function, T 
four levels of complexity are represente a 
Fig. 1. It will be noted that there Ped 
general tendency for errors to decrease pm 
0-SI and control to 30 min. in SI, follow 
by upward error trend from 30 to 60 "2 
and again a downward trend from 60 "962, 
min. in SL Tukey B test (Winer, ^. 
p. 87) reveals, as does Fig. 1, that there a 
a significant improvement in perfor™?), 
from 0-ST and control conditions to the °., 
min. condition and an increase in erro! ey 
60-SI condition; in all comparisons T ifr 
B) the 30-min. SI condition differed SED» 
cantly (less errors) from the O (/ PEU 
control (p < 05), 60- (p < .01), and Sg- 
min. (p < 05) groups. There were no air? 
nificant differences between any other rere 
of duration conditions, The error dat? nich 
subjected to an analysis of variances ribe 
confirmed the reliability of trends dm is 
in Fig. 1l. A summary of the a” 
appears in Table 1. av and 

Only the main effects of complexi ci. 
duration were found to be significant. - were 
sequent orthogonal polynomial analyst. and 
performed on the functions of complex! "con 
duration, where the linear component ra ces 
plexity reached a reliable level. This ^5 ple 


1a 
N B is vat A 
with previous work on effects of thi 955: 


iie in 5 
level of significance, as seen 
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VITH SENSORY ISOLATION 20: 


120 


30 60 


IN SI 


Fic. 1. Mean errors to solution by the 0-SI, control, 30-SI, 60-SI, and 120-SI 
groups exposed to 0, 1, 2, or 3 irrelevant dimensions. 


Thi : 
is ; 
tion in Enificant component reflects fluctua- 
Š error, T . 
Variance s as indicated by the analysis of 
he sion: i 
interac Significant Duration X Complexity 
ing On indicated increases in number of 
‘ ant dimensions had a greater retarding 


the 60-min. SI duration conditions, as com- 
pared to the other conditions. In addition, a 
partitioned analysis of variance was per- 
formed on the 0 and the control conditions, 
indicating that there was no significant Dura- 
tion X Complexity interaction in these con- 


Inf] A 
uence on CI performance, especially in ditions, F (3, 120) = 41, p > .05. 
TABLE 1 
ANALYSES or VARIANCE ON CI Errors AND Tıme DIFFERENCE Scores 


Time estimation 


CI errors 
Source 
C df MS F sA Hs al 
“mDlexit 23 54 ** 
n 225" 3 8.56 4.65 
Linear (©) 3 are ope 1 1,622.44 13.7599 
Quadratic 1 1.78 <i 1 23.05 <1 
De ubic 1 “08 Zi 1 18 <1 
['stion (D) 1 a sia" 2 969.17 821** 
gitear 4 xir <1 1 1,875.18 15.89** 
Cugdratic 1 148 Ps 1 63.14 <1 
ic k 2.43 
biQtartie I E 29.68** 
C Ems (b) j 14.85 <1 2 83.41 «1 
[d XD A 102.69 4.81* 6 486.97 4.13* 
EXP 12 YET. zi 6 53.08 «1 
cXD 6 1704 zi 4 71.36 <1 
ŠP xD an 41.16 1.93 12 186.46 1.58 
Tror i 72 . 
Overall time tep TN ! ae iod 
nag Note: : meP vas based on the rati ; 
Vsis cc! To di i " betw estimated and actual time, F test was based on the ratio between the 
ob" gilance correction term. T/N, and the error term. 
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@——e@ Actual Time 


O—o Estimated Time 


MEAN TIME (Minutes) 


9 I 2 8 0 1 


2 8 012 3 


IRRELEVANT DIMENSIONS 


Fic. 2. Mean actual and estimated time by the four complexity groups 
exposed to three duration conditions in SI. 


Time estimation—Since in the control 
group the CI task was introduced immedi- 
ately following instructions and there was no 
SI per se, time estimation scores were not 
included in the analysis of variance. The 
mean estimated time was 5 min. 18 sec. and 
the mean actual time was 5 min. 41 sec., with 
all complexity groups pooled; none of the 
discrepancies within any of the complexity 
groups reached significance (all #’s > .30). 
Thus, it may be concluded that for such short 
durations, time estimates in HHDE con- 
comitant with CI are accurate. Figure 2 
represents differences between mean actual 
and estimated times for the three SI dura- 
tion conditions (30, 60, and 120 min.), 
which were elaborated into four levels of CI 
problem complexity. For the purposes of 
analysis of variance on the time estimation 
difference scores, a constant (20 min.) was 
added to each actual time score, since 6 out 
of 108 Ss overestimated time in the tank (by 
a maximum of 14 min.). The analysis of 
variance of these difference scores, again as 
functions of problem complexity, duration, 


s 
and problems, is summarized in Table ri 
it is apparent from Fig. 2, the main @ ant 
of complexity and duration were sige call 
and both functions were linear. ne JexitY 
actual time varied slightly across comi the 
conditions since Ss performed on cl as 
tank and remained there until solution ntly 
reached. Not only was there SIE gnd 
greater discrepancy between percee ef 
actual times, as duration in SI and n* 
of irrelevant CI dimensions increas? intef- 
the significant Duration x Complexity SI 
action indicates that perceived time NEC 
is underestimated to a greater deg" in sI 


fs fe 
lowing complex tasks as the durat? est mi 
5 Rein 

increases. — The "overall time eral 
vealed that there was a significan ate 


: esti? 
discrepancy between actual and ney of 5s 
times, with an overwhelming tende 
to underestimate. 


Discussion kin and 
. ish if 
Using rats in two earlier studies, P^. signi 
Shurley (1966a; 1966b) demenir hr. of qu 


r. 0 
cant inhibiting effect of SI (10 d 
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p panes on subsequent bar-pressing rate 
foe ag of a naive, severely water- 
ee £A The presence of another rat, 
the inhibiting amiliar, during the SI, eliminated 
Pressin à p. effect of SI on subsequent bar- 
that SI me these studies, it was expected 
sured Ba d inhibit problem solving, as mea- 
results ei i CI procedure. Therefore, the 
ing not posted here were unexpected in show- 
the first inhibition, but enhancement, following 
tion at aes (30 min.), then marked inhibi- 
again aft min. and subsequent improvement 
Recent = 120 min., although not significantly 
js rom the 60-min. condition. : 
beyond nos performance with durations 
ity of the n clearly interacts with complex- 
feld's (1964), lem, This is in line with Sued- 
Complex ) result that performance on more 
ceptual Por oa tasks was impaired by per- 
Tote oo while that on simpler tasks 
acilitated, y and recall of adjective lists) was 
is AS preferred explanation for present results 
Tom all X markedly reduced external inputs 
iminish modalities, over a 30-min. period, 
itting eea aning and distracting stimuli, per- 
fully on aS focus their attention more success- 
cient] Problem. Thus, Ss perform more 
Contro] ms in the “base-line laboratory and 
Merely 4 DE conditions, and this effect is 
s a eaten when more complex prob- 
Worthy ee ented. Furthermore, it is note- 
Stroup m at the enhancement of the 30-min. 
HH reflects the effects of actual time spent in 
stimulation | not the influence of differential 
Contro] espe in the HHDE, since the 
€rformed DE group (immediate onset of CI) 
borato, At the same level as the standard 
ton that A group. Thus, it is a safe assump. 
the CT ne immediate auditory input provided 
1€ positi task is sufficient to detract from both 
120 min y^ (30 min.) and the negative (60 and 
HH o effects of HHDE, since the control 
levet as Rp performed at essentially the same 
ter A standard laboratory Ss. 
obtains o min. a different situation apparently 
Comes ; It is plausible that stimulus flux be- 
tion op Sufficient to maintain the tonic activa- 
tem, the ascending reticular activating SyS- 
So T the competing stimuli from internal 
Ta including memory and fantasy) may 
eitention, A. fairly remote speculation 
adian 1 these findings to one of the basic cir- 
hig t Ythm manifestations in man where 2 
thinkin m a predominantly conceptual mode of 
Wit id to a predominantly perceptual mode 
* Periodicity of approximately 60 to 90 


min. throughout the night is demonstrated 
(Dement & Kleitman, 1957). There is some 
evidence from sleep research that this tendency 
is also manifested during waking hours, except 
that it is largely masked by the more potent 
effects of varied stimulation and motor activity 
characteristic of waking life (Hartmann, 1968). 
In the "twilight" type of situation—half-waking 
and half-sleeping—that is characteristic of SI, 
this tendency may be more in evidence, with 
significantly poorer performance at 60 min. 
after onset of SI. Concomitant EEG and other 
psychophysiological recordings might help to 
test this hypothesis. 

The second major finding of interest in the 
present experiment relates to the effect on time 
estimation task. Time of day was controlled 
for, in that every run began at 1:00 p.m, and S 
was informed that he should keep his entire 
afternoon free for the experiment. The con- 
sistent underestimation of time so regularly 
found with SI was to assume that time estima- 
tion is dependent on a kind of running count 
kept by the brain of the number of discrete 
events that happen, and from which a simple 
additive function would derive a good approxi- 
mation (Shurley, 1969). Therefore, in SI, the 
diminished number of discrete events would 
underestimation of elapsed time. 


result in elaps 
explanation into ques- 


These results bring this ) u 
tion, for the higher number of trials required 


with increasing problem complexity would be 
expected to "count" as a higher number of 
discrete events, and thus diminish, rather than 
increase, the discrepancy in the two and three 
dimension problems. On the other 


irrelevant- s 
S in the SI becomes 


hand, if one assumes that : 
bored from the monotony, then the intellectual 
challenge of the cognitive task might provide 
some relief from this condition, with a com- 
pensating tendency to reduce overestimation due 


to monotony and horedom. 
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INFLUENCE OF LANGUAGE ON SOLVING 
THREE-TERM SERIES PROBLEMS? 


HERBERT H. CLARK? 


Carnegie-Mellon University 


Three linguistic processes have been previously proposed to account for the 


influence of language on deductive reasoning. 
64 different forms of the three-term series 


100 Ss were each asked to solve 


To test for these processes, 


problem (e.g. "If John isn't as bad as Bill, and Pete isn't as good as Bill, 


then who is worst?"). 


The Ss were allowed only 10 sec. per problem. 


The kind and relative number of errors $s made support the existence of an 


implicit problem solving strategy containing tl 
of (a) interpreting the propositions and 


heir deep structure relations, (b) retaining 


processes. The strategy consists 
question of a problem in terms of t 


the information in this form, and (c) lat 


tion that is congruent in deep structure w1 
this strategy leads to longer solution times, 


question. For some problems, 


hence more errors. For many problems, 


that show up as specific errors. 


ei are often led to reason fallaciously 
Worded te way reasoning problems are 
in the J ording is particularly important 
O cite O-called three-term series problems. 
is benc, a example, the problem, "If John 
ill, th an Pete, and John is worse than 
More = who is best?,” encourages far 
Problem, “Tf in problem solvers than the 
ill is bs If John is better than Pete, and 

Sven th etter than John, then who is best?, 
Sent t ough both problems superficially pre- 
oto Pex information (Burt, 1919; De- 

1957) ondon, & Handel, 1965; Hunter, 
Study i The immediate aim of the present 
ake p05 to account for the errors people 

ider in solving such problems. But the 
Bitte Co was to explain the memory 
i ting of storing and retrieving abstract 
Tom retained from sentences. In a 
Proce Y proposed theory for these memory 
Sses (Clark, 1969), it was argued that 
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he three proposed linguistic 


er searching memory for informa- 
ith the information asked for in the 


it also leads to preliminary solutions 


the way in which a person stores and re- 
trieves the information in a reasoning prob- 
lem determines how quickly he solves the 
problem. 

The theory proposed by Clark (1969) 
consists of three principles, briefly summar- 
ized here. The first is the principle of the 
primacy of functional relations. It asserts 
that the functional relations underlying a 
sentence, like the logical subject, verb, and 
object, are more available after comprehen- 
sion than other less fundamental kinds of 
information. This principle, derived from 
linguistic theory (e.g., Chomsky, 1965), was 
first proposed in slightly different form by 
Miller (1962) and was supported subse- 
quently by Mehler (1963), McMahon 
(1963), Gough (1965, 1966), Savin and 
Perchonock (1965), Slobin (1966), and 
Clark and Begun (1968). 

Comparative sentences, like other con- 
structions, have underlying functional rela- 
tions. As several linguists (Chomsky, 1965; 
Doherty & Schwartz, 1967; Huddleston, 
1967 ; Lees, 1961; Smith, 1961) have shown, 
the sentences "John is worse than Pete" and 
“Pete isn't as bad as John" both consist 
linguistically of two "base strings," John 
is bad aud Pete is bad, that are conjoined 
in a comparative or equative construction. 
The first principle, then, asserts that a per- 
son "knows" more readily that John and 
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Pete are bad (the functional relations ex- 
pressed in the base strings) than that John 
is more extreme in badness than Pete. 

The second principle, that of lexical 
marking, specifies the semantic complexity 
of words like good and bad. Several gen- 
erations of linguists (e.g., Bierwisch, 1967; 
Greenberg, 1966; Lyons, 1963, 1968; Sapir, 
1944) have observed that word pairs like 
good and bad are not symmetrical. Good, 
the so-called unmarked member of the pair, 
can be neutralized in some contexts, as in 
"How good was the movie?," whereas bad, 
the marked term, cannot. Good, but not 
bad, can also be neutralized in comparatives : 
“John is better than Pete” can mean that 
John and Pete are only being compared 
evaluatively, although “Pete is worse than 
John” presumes Pete and John to be bad. 
The principle of lexical marking is that the 
neutral senses of unmarked adjectives, like 
good, are coded in memory in a simpler 
form than the senses of marked adjectives, 
like bad. The main consequence is that stor- 
age and retrieval should be quicker for com- 
paratives containing unmarked adjectives. 

Lastly, the principle of congruence speci- 
fies how a search through memory will be 
made. Information can only be retrieved 
when it is congruent with the information 
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» 
the proposition “John isn't as bad as pud 
implies that John is bad and Pete 1s bad; 
the question “Who is best?" requires an 
fitting the description X is good. Here 
there is a lack of congruence of underlying 
functional relations in proposition and ques" 
tion. The question must be implicitly 7 
formulated to read “Who is least bad? à 
is only at this point that congruent iuis 
tion can be found and the answer retrieve 
Reformulation of a question, of cours? 
should take more time. . 

A particular strategy for solving A 
lems is implied in the three principles Pe 
viously described. It goes as follows: ; 
problem solver, in understanding a probes 
retains information in such a manner f es 
the underlying base strings are most ae 
sible. (Comprehension time per se 18 iste 
sumably equal for all the comparative pe 
tences used in the present study, and Korn 
for all the negative equative sentences, S! in- 
the same linguistic constructions are kes 
volved in all these comparatives.) 1t e 
him longer in this process to store à? dl 
trieve semantically more complex, ne 
adjectives (like bad) than it does unma“ i 
adjectives (like good). The question er 
tects him then to search for an ans tion 
First, he searches for stored informa 


prob- 


: à 5 he 
being sought. Furthermore, this search de- that is congruent with the question. It nd- 
mands congruence, not of superficial in- succeeds, he can begin to look at the nl 
formation like words or phrases, but of un- order comparative information and atte on- 
derlying functional relations. For example, to form an answer; if he fails to find € 
TABLE 1 
TYPES or DETERMINATE THREE-TERM SERIES PROBLEMS 
Ficblem Form of problem Analysis Pn Form of problem NL. 
A better than B. | A is good A not as bad as B A is bad 
I B is good D SPUR B is bad 
B better than C C is good B not as bad as C C is ba 
C worse than B A is bad C not A is good 
it B is bal not as good as B 


B worse than A C is bad 


A better than B A is good 


IIT B is good, bad 
C worse than B C is bad 


B worse than A A is bad 
IV B is bad, good 
B better than C C is good 


B not as good as A 


d 
is A not as bad as B 5 is bad, good 


C not as good as B C is goo 
Ais good ad 
Ivi B not as good as A Bis goo ,b 
B not as bad as C C is ba 


LANGUAGE AND REASONING 


pm information and a solution, he re- 
Ne the question and continues his 
ey" fin lt is not meant by the term "strat- 
this d the solver has consciously chosen 
likel vw of solving the problem. More 
pro Y, the strategy is a normal part of 
Cessing language and is used without 
awareness, 
meet E e of this strategy can be 
ree-t y the many possible forms of the 
ites of Series problem, each of which 
questior ° o propositions followed by a 
sible rabi raditionally, this allows 16 pos- 
tions E — The four pairs of proposi- 
in e ered I-IV in Table 1, can occur 
either Sweet and the question can be 
ese t O is best?" or "Who is worst? 
e su; Teneo problems, however, can 
y ie emented by replacing is better than 
aS good as bad as and is worse than by isn't 
Shown as. The resulting 16 problems are 
Ypes T the right of Table 1 as Problem 
used in p The lettering , convention 
always, Lable 1 (and Table 2) is that A is 
The m C worst, and B in the middle. 
Table 2 three-term series problems of 
Portant are related to each other in 1m- 
Matched 1o S. First, the problems can be 
erms a. er the order in which the three 
Sentences AT in the surface structure of the 
toble, T e nomsky, 1965; Postal, 1964). 
S Isa ype I, e.g., is superficially similar 
and C ae types arrange the terms A, B, 
relational the same order, and both contain 
n good terms meaning "strictly greater 
ang [655 than.” Types IT and IT, III 
» and IV and IV’ are similar in 
the same way, But the problems 
be matched for deep structure, 
= the underlying functional relations 
Type y. |^ the propositions. Problem 
4 is go is built on the functional relations 
ood and B is good, as shown 1n the 
» Whic] Olumn, In this respect, I is like 
Further, is built on the same base strings. 
and pire, Types II and I’, HI and IV’, 
ture, and TH’ are similar in deep struc- 
€ most important consequence of 
Sed strategy is that deep structure 


Pre n j 
ture ; cedence over order in surface struc 
This 


Precisely 
an 

al 
r so 


the 
tak Propo 


three-term series problems. 


207 


point is implied in all the predictions that 
follow. 

Reasoning by the proposed strategy, a 
problem solver allowed only 10 sec. per 
problem should make more errors on some 
problems than on others. Consider first the 
problems with two good or two bad proposi- 
tions: I, II, I’, and II’. Since the storage 
and retrieval of information from proposi- 
tions with good should be quicker than from 
ones with bad, the problem solver should 
make fewer errors overall on I and II’, both 
problems containing good, than on II and I’, 
both problems containing bad. The search 
stage of the strategy also has its effects on 
these problems. There is congruence when 
the two propositions in Problems I and I 
are followed by “Who is best?" and when 
those in II and I’ are followed by “Who is 
worst?” The problem solver should make 
few errors on these combinations, but many 
errors on the remaining incongruent com- 
binations. 

The strategy has important consequences 
for the problems with heterogeneous propo- 
sitions (III, IV, III', IV’) as well. Con- 
sider Problem Type III. With the question 
“Who is best?,” the problem solver will 
search for congruent information and come 
up immediately with the correct answer A; 
with “Who is worst?,” he will likewise find 
congruent information in the correct answer 
C. But consider Problem Type IV. With 
the question “Who is best?," the search for 
a congruent solution will produce B (of the 
second proposition), which, on testing, is 
clearly wrong. Only after “Who is best?” 
is implicitly reformulated as “Who is least 
bad?” is the correct solution (A) directly 
forthcoming. The same difficulty will also 
occur with the question “Who is worst?” 
Type III problems, therefore, should en- 
courage few errors since the strategy leads 
directly to the correct answer, but Type IV 
problems should encourage many errors. 
Type IV' problems are similar to Type III 
problems in deep structure (note their iden- 
tity in the Analysis column), and Type IIT 
problems are similar to Type IV problems. 
So, for the same reasons, there should be 


fewer errors on IV’ than IIT. 
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One kind of problem that has not been 
studied previously is the so-called indeter- 
minate problem. It is called indeterminate 
because it contains an incomplete rank order 
of the three people being compared, as in 
“John is better than Pete, and Dick is better 
than Pete.” Note that when the question 
for this pair of propositions is “Who is 
best ?,” the correct answer is "can't tell, 
although when it is "Who is worst?" the 
correct answer is “Pete.” Altogether, there 
are 16 possible indeterminate problems con- 
taining better or worse or both and 16 others 
containing isn’t as bad as or isn’t as good as 
or both. 

The reasoning strategy proposed here has 
particularly interesting effects on indeter- 
minate problems. In the problem, “If John 
is better than Pete, and Pete is worse than 
Dick, then who is best ?,” a solver will some- 
times make an error, choosing “John” or 
“Dick” rather than the solution “can’t tell.” 
But which term will he choose? The strat- 
egy describes the solver as searching first 
for information congruent with the question. 
His efforts to satisfy the conditions of the 
question will lead him to answer “John,” 
but not “Dick”: “John” satisfies the con- 
Sruence conditions, whereas "Dick" does 
not. It is only in indeterminate problems 
like this one that the Strategy produces er- 
rors in such a direct way. Here a con- 
gruent and an incongruent solution, both 
incorrect, can be Presented in the Proposi- 
tions in a symmetrical form. 


METHOD 


Three problems were constructed for each of 
the 64 possible problem types—the 32 determinate 
and 32 indeterminate types. In addition, 16 prac- 
tice problems, 8 determinate and 8 indeterminate, 
were constructed to have one comparative and 
one negative equative proposition each. Common 
four-letter English men’s names were used as 
terms in the problems, with the restriction that 
no two names could occur together in more than 


1 problem. Each problem was printed on an IBM 
card in the following form : 


If Pete isn’t as good as Jack, 
And Jack isn't as bad as Dick, 
Then who is best? 

Dick Pete Jack Can't tell 


Each S solved the 16 practice problems and then 
64 other problems, 1 from each of the 64 problem 
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types. Both the practice and suey) io. 
lems were in a random and different or s 
each S. There were three groups of Ss, so s 
the order of the three names following the m 
tion could be counterbalanced both across E 
lems within Ss and across groups of Ss are 
problems; “can’t tell” always occurred last am! 
the possible solutions. à 
Each S was given a deck of problems face € 
On a signal every 10 sec. he turned a we citeled 
lem face up, read the problem to Fw he had 
the answer he thought was correct (or, J and 
no answer at the signal, circled nothing), 7 
went on to the next problem. There was Ss 100 
break after every sixteenth problem. The 7 arse 
introductory psychology students fulfilling a chan 
requirement, had explained to them befor era 
what constituted a “can’t tell” answer. They 
run in groups of 5-20, 


RESULTS 


The solutions to both determinate jas 
indeterminate problems contained ee 
Supporting the existence of the reaso 
Strategy proposed in the present paper- sepa- 
two kinds of problems are discussed tage 
rately. In all that follows, the perce i 
of errors are compared statistically nsion 
Seeger and Gabrielsson’s (1968) ete ws 
of Cochran’s Q test; this extension tions 
comparisons involving repeated observa 
on the same S, dat 

Determinate problems—The error the 
in Table 2 first show that 5s peor 0 
underlying deep structure relations fro! the 
propositions of each problem. gar we 
homogeneous problems, Type I pro rob- 
produced fewer errors than Type I Bs o 
lems; this closely replicates the eim o 
DeSoto et al. (1965). Now if the Los re 
the terms in surface structure had bee! eT 
Sponsible for this difference, then Tors 
problems should have produced fewer struc" 
than Type II' problems, but if erf have 
ture had been responsible, II’ shoul deeP 
produced fewer errors than I’, Clearly urfact 
Structure takes precedence over s er- 
structure, for T and IT’ produced SD = 
rors, respectively, than II and I’, x jds for 
24.37, p < .001. The same result E ' and 
eterogeneous Problems III, IV, I p than 
Iv’. Type III problems were caste esot? 
Type IV problems, again replicating ut not 
et al.) in parallel with this in deep 


were 
s 
surface structure, Type IV’ problem 
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TABLE 2 
PERCENTAGE or ERRORS IN SOLVING DETERMINATE THREE-TERM SERIES PROBLEMS 
Problem Form of question 
ype Form of problem Average | Overall 
p | Best? Worst? 
I (a) A better 2 
than B; B better than C 15 29 22 17 
(b) B better than C; A better than B 7 18 12 
u (a) Cy 43 48 46 
vorse than B; B worse than A 33 
(5) B worse than A; C worse than B | 21 21 21 
MO | (@)Ab 8 10 9 10 
etter than B; C worse than B 
(b) C worse than B; A better than B 10 12 1 
iv (a) B 30 25 28 32 
worse than A; B better than G 35 i 
(5) B better than C; B worse than A 32 43 38 
r (a) 28 21 24 31 
A not as bad as B; B not as bad as C 2 2 2 
(b) B not as bad is C; A not as bad as 39 36 38 
Ir (a) 4 32 23 26 
C not as good as B; B not as good as A H =e E 
(5) B not as ecd as A; C not as good as B 26 31 28 
1 m 
t (a) A not as bad as B; C not as good as B 5 FB Fh 40 
(b) C not as good as B; A not as bad as B 
lv 30 28 28 
i8 B not as good as A; B not as bad as ^ 2 35 29 
) B not as bad as C; B not as good as / 
Psi 
$547 than T i 2 — criterion, Problem Types IV and III’ are 
A < oor” III’ problems, x? (1) internally incongruent. The congruent prob- 
tha me of the nfirm lems III and IV’ produced significantly 
e same results also co fewer errors than the incongruent problems 


n 
ted marked adjectives (like good) are 
th fed adj retrieved more quickly than 
© teteng ctives (like bad). Note that 
a m of deep structure relations 

a n confirmed even if Problem 
than Aaa had been "ec ath ee 
v, esp. e Wer, errors than Types 
ta ee the important thing for the 
Wee Stry n was that I and II’ had the same 
tng fet relations, and these relations 
Stent from those of II and I. But 

€ containing good in their deep 


and. foes with fewer errors 
e a: Containing bad in their pu 
al mantis also constitutes evidenct P 
ag, Y to King; good was apparently mor 
™prehended and retrieved than 
herd g 
Dro wally, the data in Table 2 support 
" erdi stage of the hor 
Oblem Types III an 
ig eruent Km question. baee 
i, 9"mation congruent wi EE 
€ propositions. BY the s@ 


a 


? Te 


The principle of congruence 
also finds confirmation in the homogeneous 
problems. The question "Who is best?" 
is congruent with the propositions in I and 
II’, but incongruent with the propositions 
in II and I’. “Who is best?,” rather than 
“Who is worst?,” was answered with fewer 
errors in I and II’, but with more errors in 
II and I’, overall x? (1) = 9.04, p< 0l. 
In detail, there was one exception to the last 
result, with "Who is best ?" eliciting slightly 
fewer errors than “Who is worst?" on Prob- 
Jem Type II, a homogeneous bad problem. 
But this is only an apparent exception since 
*Who is best?" which contains the un- 
marked adjective good, produced fewer in- 
correct solutions, overall than “Who is 
worst?" (24% to 30%). In line with pre- 
dictions, the difference. between best and 
worst questions was not as large in Type II 
problems (2.596) as it was overall (696). 
Tt should be noted here that in a previous 
study (Clark, 1969), Ss were timed from 


IV and IIT’. 
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inning of reading to their spoken 
a fo each of the 32 determinate 
problems. The significant differences in er- 
rors of the present study are paralleled by 
significant differences in solution times in 
the previous study. The problems that pro- 
duced more errors here had longer solution 
imes previously. 
M (9 A nd Ss made on these prob- 
lems further support the existence of the 
reasoning strategy. The errors can be of 
three kinds: (a) failures to respond, (b) 
“can’t tell" answers, or (c) incorrect men's 
names. If Ss reason as proposed, they 
should take longer to solve some problems 
than others. This in turn means that in 
10 sec., fewer Ss will come to any answer 
whatsoever on the longer problems. And 
Ss with no answers will most likely make 
a errors, but also b or c errors. Indeed, the 
percentages of a errors increased on longer 
problems. There were 6% such errors on 
I, compared with 10% on longer II; 10% 
on II’, compared with 12% on longer I’; 
8% on the homogeneous problems (T, 1T, 
I’, IT) with congruent questions, compared 
with 10% on those with incongruent ques- 
tions; 4% on internally congruent ITI, com- 
pared with 12% on incongruent IV; and 
1176 on internally congruent IV', compared 
with 18% on incongruent III’, The addi- 
tion of b responses merely increases each of 
these differences, Tespectively, to 11% to 
18%, 16% to 20%, 14% to 18%, 6% to 
22%, and 22% to 26%. The further addi- 
tion of the c errors, of course, has been dis- 
cussed previously. 

The c errors, incorrect men's names, can 
indicate the preliminary solutions Ss tend 
to choose on some problems or can indicate 
mere guessing. In determinate problems, 
the proposed strategy allows only very weak 
predictions as to what the preliminary solu- 
tions will be. In the homogeneous prob- 
lems (I, II, I’, IT), both of the incorrect 
men's names should occur, perhaps with the 
middle B term predominating, because it 
answers the question when the wrong propo- 
sition is considered alone. The results 
showed here that B occurred more often 
than the other incorrect term in 12 of the 
16 problems, 6% vs. 5% of the time. On 
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, 
the heterogeneous problems (LI, IV, Ts 
IV’), however, B should occur slightly mor 
often than the other term because in 
and IV’ B is the only other congruent mre 
and in IV and III’ it is the only congruen 
term satisfying the question when the woe 
proposition is considered alone. The Y 
showed that B was given more often t 1 
the other incorrect term on 12 of the 

roblems, 6% vs. 3% of the time. MEDE E 
; meara ia tb problems.—Errors 1n aa 
terminate three-term series problems m 
give evidence that Ss reason by the propo P 
Strategy. Table 3 lists the percentages sé 
errors for each type of problem making L is 
of a new lettering convention in which J 
the repeated term and G and H are arbitr 
ily assigned to the other two terms. i 

"The data here again show that Ss a 
underlying functional relations from ture 
problems they have read: deep struc face 
rather than order of terms in the er 
Structure, predicts the differences in hich 
problems, Problem Types V and VI^ et 
have the same deep structure, were td P 
with fewer errors than Types VI an The 
respectively, x? (1) = 4.85, p <.05. " 
similarity of surface structure betwee er- 
and V’ and between VI and VI’ had no j" 
ceptible effect on their solutions. The and 
erogeneous problems VII, VIII, VIT, way 
VIII cannot be compared in the uec e 
since whether the question was gnis ires 
or not is confounded with surface SE 
answerability will be shown subseque? T d 
be very important in the production oret king 

The effect of lexical marking—™ ain 
good more accessible than bad—was, 95% 
found when Problem Types V and yi cantlY 
underlying good, were solved signific? V^ 
more easily than Problem Types Vien 
with underlying bad. ruent 

The strategy of searching for cone e 
information derives its best and most y 
support from the problems with he 
neous propositions (VIT, VIII, vit’, «pf D 
in Table 3). Consider the problem; gn. Pt 
is better than E, and E is worse sol 
then who is best?," whose correct terini 
is "can't tell.” (In a temporary the 2 
convention for this kind of problem, |) F 
term is congruent with the question: 
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TABLE 3 
PERCENTAGE OF ERRORS IN SOLVING INDETERMINATE THREE-TERM SERIES PROBLEMS 
Problem Form of question 
type Form of problem Average Overall 
average 
ae Best? Worst? 
V (e) G better than J; H better than J 4a 15 10 9 
(5) J better than G; J better than H 13 4^ 8 
VI (a) G worse than J; H worse than J 20 14^ 17 14 
(5) J worse than G; J worse than H Ta 14 10 
Vir (a) G better than J; J worse than H 49 36 42 42 
(b) J worse than H; G better than J 45^ 37 41 
Vin (a) J better tha 2 s 5 
an G; H worse than J 22 44 33 35 
(b) H worse than J; J better than G 23 52^ 38 
W (a) G nota s 5^ 22 
as bad as J; H not as bad as ] 15 28 22 24 
(5) J not as bad as G; J not as bad as H 28 25* 26 
MU (a) Gn 14s 16 
ot as good as J; H not as good as J 18 4 19 
(b) J not as good as G; J not as good as H 14^ 29 22 i 
Vir (a) G 42 54 56 
not as bad as J; J not as good as H 66" 
(8) J not as good as Hj G not as bad as J 66" 49 58 i 
Vip a 
Iu (a) J not as bad as G; H not as good as J 35 pa d 45 
(b) H not as good as J; J not as bad as 28 5 
"The eo 
"rect solution is “can't tell" to these problems and *‘J" to the rest. 


term 3. . 
tepeateg P Dgruent, and the E term is the 
pn this term.) When Ss make mistakes 
half S aur they should answer the 
Over A D and F more often than E. 
eredicts J proposed eg strategy 
ngr t in searching for information 
the pent With the question, Ss will choose 
tn agree: Tm as their preliminary solution. 
Sults gp oent with this prediction, the re- 
I that all eight heterogeneous 
Considera th “can’t tell” answers produced 
Y more congruent D errors than 


Congr 

u . 
S), cnt F errors (5 < .01, by a sign 
8e, 260, © errors occurred, on the aver- 


Strors oo 9f the time, E errors 3%, and F 
la jon th he ratio of D to F was almost 
"iS the n appropriate practice prob- 
Df usu VAN 4:1. 

ine quei, Pair of propositions in Table 3, 
lg xs er is 1S answerable with a name and 
api, Cnt tell» answerable, i.e., the solution 
` -© The difficulties of answer- 
Unanswerable problems seemed 
When the proposi- 
Omogeneous, each of the eight 
Problems produced more errors 


Some and 

tig, Wh 

ants were Pradoxical, 
Werable 


than its correlative unanswerable problem 
(p < Ol, by a sign test). On the other 
hand, when the propositions were heteroge- 
neous, each of the eight answerable prob- 
lems produced fewer errors than its correl- 
ative unanswerable problem (p < 01, by a 
sign test). Both effects, it is argued, con- 
stitute evidence for the search for congru- 
ence as a stage in the reasoning strategy. 
First, in the homogeneous problems (V, 
VI, V', VI), it is easy, in comprehending 
the two propositions one after the other, to 
compare the information in them, for the 
second proposition is exactly congruent with 
the first except in the first or last term (cf. 
V or VI in Table 3). By comparing these 
two almost identical statements, then S im- 
mediately knows that the three-term series 
is indeterminate and that the solution might 
well be "can't tell" If time is running 
short, therefore, he will give his preliminary 
solution of "can't tell”; otherwise he will 
work towards the correct answer. This ten- 
dency to answer “can’t tell,” however, leads 
to correct solutions on unanswerable prob- 
lems, whose correct solution is “can’t tell,” 
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but incorrect solutions on answerable prob- 
lems. The results confirm this prediction. 
The Ss made errors on 19% of the answer- 
able problems but on only 12% of the un- 
answerable ones. Yet they failed to respond 
equally often (5% of the time) on both. 
Most of the remaining errors on the an- 
swerable problems were the predicted “can’t 
tell" answers, which were produced on 13% 
of the problems, thus accounting for the 
greater number of errors in answerable 
problems than in unanswerable problems. 

In the heterogeneous problems (VII, 

VIII, VII’, VIII’), on the other hand, it is 
very difficult to compare the information in 
the two propositions, for the second propo- 
sition is completely incongruent with the 
first. Consider the pair of propositions, 
“Jack isn’t as bad as Pete, and Pete isn’t 
as good as Dick.” When the question is 
“Who is worst?,” S will search and find a 
preliminary congruent solution in the “Pete” 
of the first proposition. That solution also 
happens to be correct. When the question 
is “Who is best?,” he will search and find 
a preliminary congruent solution in “Dick.” 
But this solution happens to be incorrect, 
The search for congruent information, then, 
leads to correct preliminary solutions on 
answerable problems but to incorrect ones 
on unanswerable problems. This predic- 
tion from the proposed reasoning strategy 
is confirmed by the errors. The Ss made 
errors on 3446 of the answerable problems 
but on 55% of the unanswerable ones. 
Nevertheless, they failed to respond equally 
often (17% of the time) on both. The re- 
maining 1796 of the errors for the answer- 
able problems were more or less evenly dis- 
tributed among the other possible errors. 
But the remaining 38% of the errors for 
the unanswerable problems were not: Ss 
produced the congruent, but incorrect, an- 
swer on fully 26% of the unanswerable 
problems, as noted previously, thus account- 
ing for the greater number of errors in the 
unanswerable problems than in the answer- 
able ones. 

Order of two propositions—The present 
Ss also appeared to make use of a memory- 
saving strategy in which the information of 
each proposition was compressed into a less 
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cumbersome form. Instead of storing 5 l 
the information of a first proposition, p 
is better than Bill" they stored only d 
abbreviated version which might be p 
as "John is the better one." If this seh 
then appeared in the second jo ns 
eg. "Pete is better than John,” alig for 
of the three terms was relatively easy vady 
Pete is better than John who was a ap- 
the better one. But if this John did p 
pear in the second proposition, png E i 
ment was not immediate. The Ss first 
backtrack for the full version of me ie 
proposition or revert to some other 
consuming strategy. " jon, 
The T 2 compressing informah a 
in general, makes one ordering of two Clarks 
ositions easier than the other ca the 
1969). In Problem Types I and I, order 
order should be easier than the 4 d ver^ 
since the b order allows the comprese i 
sion of the first proposition to M his pre 
aligning the terms of the second. : (1)7 
diction was borne out in the data, x d ver 
31.02, p < 001. But the compress?" gd 
sion of the proposition, “Bill isn't r e bet 
as John,” is also implicitly “John is 
ter one." In this case, it is the un eri 
and not the first, that serves as po^ em 
in the compressed version. So in t shou! 
Types I’ and IT’, it is the a order tha n, t0% 
be the easier order. This predicti’ gg, 
was borne out in the data, x? ( ropo” 
b < Ol. The two orderings of the P othe! 
tions of ITI, IV, III", and IV’, on the of 
hand, do not differ with the applic? or IV. 
the compressed strategy, and, except ML 
the data show only slight difference e hese 
rors between the two orders. N° ositio® 
that the compressed version of a pu truc 
is not directly related to its ppp 
ture: it is neither the subject nor s 
term which serves as the focus of p xe 
pressed information, but the term ^. pad- 
treme on the underlying goodness 


d 

ness scale. ið £o» 
"The compression strategy ran prO 
the error rates in the indetermin ale 


lems. In each of the eight Romani ; one 
pairs of problems listed in Ta licati? : 
problem was favorable to the app ather 
the compression strategy and the 
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a In all eight pairs, the favorable prob- 
s produced fewer errors than the unfavor- 
ie problem, (5 < .01, by a sign test), al- 
though the differences averaged only 596. 


Discussion 


M s al in od evidence in the present re- 
egy for d A ree stages of the proposed strat- 
prehendire a reasoning. First, in com- 
retained d ` € propositions of a problem, Ss 
John is Bod erlying functional relations like 
the sitis, - The evidence for this was that 
ing NR number of errors for two reason- 
ne deep ew was predictable in each case from 
teristics E bs. not the superficial charac- 
ermore oe problem’s propositions. Fur- 
than incon cep structure congruence, rather 
informatio Sruence, between a question and the 
Tors in à E it asked for resulted in fewer er- 
Of results xed interval of time. Both kinds 
derlying d evidence for the reality of un- 
te inctional relations in reasoning. 

u person has stored the abstract ele- 
$ erlying a sentence, he can later re- 
at information. A priori, such a search 
decide he Principles to guide it, for it must 
ing en it has found the object it is seek- 
is that ils of the few reasonable assumptions 
mation Search terminates when it finds in- 

is cong to the information sought. 
item t must be at an abstract level. 
unctiona] rm series problems, the underlying 
“ongruent Telations of the question have to be 
this reg Vith those of the propositions. In 
tion uh Who is best?" requires informa- 
isn’t as STuent with the information in "Jack 
„Sood as Pete.” Several strong tests of 


Tinciple į : 
all confirmater the present experiment were 
B ne a 
5 th nal aspect of the reasoning strategy 


t 
fasi] d kinds of information are more 
abst: Ted and retrieved than others. The 
en i manti features of unmarked ad- 
= Marked * good, are less complex than those 
“XPecte t adjectives, like bad, and so it was 
Plexity, sat retrieval should reflect this com- 
qM bad NU tests of this principle for good 
fleet som ll showed that retrieval time did re- 


s 
ap uld me complexity. This evidence alone 
" lexical m, enough to support the principle 
e ti unma, King, for good-bad is only one 
M iments Fed-marked pair. But previous 
toes Hanq (58^ Clark, 1969; DeSoto et al.. 

i "del, DeSoto, & London, 1968: Hun- 
"S soly, uttenlocher, 1968) have required 
© Problems with homogeneous propo- 


sitions (problems of Types I and II) containing 
better-worse, more-less, faster-slower, farther— 
nearer, happier-sadder, warmer-colder, taller- 
shorter, and deeper-shallower. The problems 
containing an unmarked comparative, the first 
member of each pair, were solved more quickly 
or with fewer errors in a fixed interval of 
time than the problems containing its marked 
counterpart. Other evidence for lexical mark- 
ing is discussed in Clark (1969). 

The strategy proposed here, however, pre- 
dicts more than just the number of errors Ss 
should make on three-term series problems: in 
many instances it also predicts which errors 
they should make. Since S searches his mem- 
ory for underlying base strings congruent with 
those of the question, he should sometimes 
come to preliminary solutions that fulfill the 
congruence conditions, but which are never- 
theless incorrect. Specific errors confirming 
these predictions were found, especially in the 
indeterminate problems. These errors demon- 
strate that in some problems Ss try at least 
one incorrect solution before they come to the 
correct one and that the ones they try are 
determined by their search strategy. 

The present results are in disagreement with 
several previous theories of the solution of 
three-term series problems (DeSoto et al., 
1965; Hunter, 1957; Huttenlocher, 1968). Ac- 
cording to previous results (Clark, 1969), each 
of these theories incorrectly predicts the rela- 
tive solution times of certain three-term series 
problems, especially those with “isn’t as good 
as” and “isn’t as bad as” propositions. The 
present error results, because they fully paral- 
lel these solution times, constitute further dis- 
confirmation of these past theories (see Clark, 
1969, for details). 

Another older theory (Chapman & Chap- 
man, 1959; Sells, 1936; Woodworth & Sells, 
1935) asserts that there is an “atmosphere 
effect” that accounts for certain difficulties in 
reasoning. This effect occurs, e.g., in tra- 
ditional syllogisms that contain two negative 
premises (or propositions). The negatives are 
said to induce a "negative atmosphere" in this 
problem, causing the solver to draw a negative, 
hence often invalid. conclusion. The present 
threc-term series problems have difficulties that 
also look like the result of a subtle atmosphere 
effect. But this effect can only describe what 
happens; by itself, it explains nothing. The 
present proposal instead attempts to account 
for these difficulties by general linguistic 
processes. Neither the "atmosphere effect" nor 
a similar descriptive statement can be said to 
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i difficulties in that sense. On the 
ese tui atmosphere effect itself may 
eventually be explained by linguistic processes 
similar to the ones proposed here to account 
for solving three-term series problems. . 

Finally, the present study appears to put im- 
portant limitations on general theories of lin- 
guistic memory. The emphasis here has been 
on the fact that what a person retains from a 
sentence is highly abstract, even though he uses 
the information immediately. Memory for 
linguistic material over longer periods of time 
is also highly abstract in form, as has been 
shown by Brown and McNeill (1966), Fillen- 
baum (1966, 1968), Sachs (1967), Clark and 
Clark (1968), Henley, Noyes, and Deese 
(1968), Clark and Stafford (1969), and Clark 
and Card (in press), as well as by those men- 
tioned previously, as confirming the importance 
of deep structure. It is difficult to see how 
long-term memory could be otherwise, given 
the present results. If what a person retains 
for immediate use is so abstract, he must cer- 
tainly retain the same kind of information over 
longer periods of time. The more concrete 
attributes of a sentence, its words, phrases, or 
surface structure, appear to be done away with 
soon after its having been heard, unless there 
is a special reason to keep them. What re- 


mains is an abstract interpretation for use 
either immediately or later. 
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CRITERION CHANGE AND RESPONSE COMPETITION 


IN UNLEARNING? 


WILLIAM P. BANKS? 


University of California, Berkeley 


The extinction hypothesis of retroactive inhibition (RI) was evaluated in 
two experiments using the A-B, A-C paired-associate paradigm. In Exp. 
I, modified-modified free recall (MMFR) was augmented with confidence 
ratings so that original learning (OL) strength (d’) could be assessed at 
two levels of interference (2 or 20 trials of interpolated learning, IL). The 
OL d’ was the same for both interference conditions, but OL response cri- 
terion (beta) became more restrictive after 20 trials of IL. Three levels 
of monetary payoff were administered at recall and had no effect on emis- 
sion of correct responses. In Exp. II, Ss were forced to respond with at 
least a guess about every OL and IL response in MMFR and exhibited 
less RI when so forced. It was concluded, contrary to the extinction hy- 
pothesis, that interference changes OL criterion, not strength, but that this 
criterion change is itself a consequence of generalized response competition. 


According to the two-factor theory of The present study is concerned with is 
interference, retroactive inhibition (RI) in mechanism behind unlearning. Unlearn o 
the A-B, A-C paired-associate (PA) para- was originally conceived of as extinction ori 
digm is partly the result of competition of individual OL responses during IL (Met 
responses at recall and partly the result of & Irwin, 1940), but the strict Pavlovian 2! In 
unlearning of responses from original learn- ogy has not found complete support. that 
ing (OL) during acquisition of the responses 1956, Newton and Wickens suggested ition 
of interpolated learning (IL). The modi- RI may result from a form of compet! the 
fied-modified free recall (MMFR) tech- operating at a more general level t 
nique introduced by Barnes and Underwood individual PA. They felt that “Ss 


(1959) is designed to minimize the effects of 
response competition at recall, and conse- 
quently, any forgetting of OL responses in 
MMFR is ascribed to unlearning. Since its 
introduction, the MMFR technique has been 
used in a large number of studies and has 
given results consistent with an unlearning 
factor (see Keppel, 1968). 
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; 0 
acquire a tendency to give a certain € i- 
responses [those from a given list] 1 yecific 
tion to giving specific responses to SP roulé 
stimuli [p. 153]." Thus, interpolation cot, 
reduce the availability of OL asaw ve 
disrupting the tendency to emit rest ost- 
from that list. Recent experiments by 1967: 
man and his associates (Osuna. sup" 

in 


onses 


Postman, Stark, & Fraser, 1968) hà 
ported generalized competition as ? 
portant source of RT. in the 

The mechanism of RI investigated ™ in 
present experiments is one that !5 pe ed 
accord with the hypothesis of geo ssu! 
competition than is extinction. ye i 
that S attempting recall is pu 
search for what it was he learnec “gumbe” 
he must choose his response from 2 5 
of alternatives. The S’s willingness js, con” 
mit himself in making these choke iti 
sequently, a factor operating in motn i 
“strength of trace" to determine à P ithe 
called. Measured forgetting can TeS 
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ta dr = 
3 om a loss of trace strength or from an 


oe to guess. It is hypothesized 
dt dis does not reduce the strength of OL 
re oe analogy implies, but that 
the dim i E. competition, it increases 
inhibits culty of choice in OL recall and 
recall Bod B, producing a decrement in 
guessin oth loss of strength and restricted 
Present" i ot course, be operating, but the 
. Concern is with establishing the 
Suessing factor, i: 
ial deest of this hypothesis is based on sig- 
yzes Pelr) theory (SDT). SDT ana- 
Parameters E detection of a signal with two 
ar 
the wate, the relative strictness or laxness of 
Tanner E Or decision criterion (Swets, 
niques q & Birdsall, 1961). Using tech- 
“Ceveloped by Egan and others (Egan, 
to ana sys & Decker, 1958), it is possible 
th € memory performance in terms of 
In analogy to psycho- 
detection, the memory trace is con- 
as the signal and the strength of 
(beta) fg (d'), and the decision criterion 
Tived from accepting or rejecting it are de- 
he tec d all or recognition performance. 
fies ‘que employed here is based on 
an ,Taungs of responses emitted in 
ences, ds 15 described in the previous refer- 
Studies Well as in a number of learning 


1966 at have used it (e.g, Murdock, 
Correct p iven the number of correct and in- 
fidence n POnses in each category of con- 


teristic’ (MA II memory operating charac- 
eta m c) plots can be obtained and d' 

he tw 15e determined. 
ie retenti Sper iments reported here mea- 
lifters in Jon with a MMFR technique that 
Wood?s two ways from Barnes and Under- 
Wood’s ir First, Barnes and Under- 
his Teca S truction that S should try to pair 
were ass Cd responses with the stimuli they 
«thou Mea With in learning is not used, 
tan atten € Tecall sheet is set up so that Ss 
Ss Wer, Pt correct pairings if they wish, and 
asked only to try to designate cor- 
Tis Sra membership of their reapers 
i Structio on In the Barnes and Underwooc 
ue he 5,5 Was intended to reduce still fur- 
"MER Possibility of response competition in 
thus to insure further that what- 
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ever RI is found is a result of unlearning and 
not response competition. Tt is possible that 
with the Barnes and Underwood instructions 
an S might withhold a response because he 
could not decide with which stimulus it had 
been paired. If OL unavailability and not 
associative confusion is the essential charac- 
teristic of unlearning (see Postman, 1967), 
then to measure unlearning we must collect 
all recalled responses, whether or not S is 
sure he knows their proper associates. The 
second alteration in the Barnes and Under- 
wood procedure is the augmentation of 
MMFR with confidence ratings so that d' 
and beta for OL can be estimated after differ- 
ent degrees of IL. The Ss were instructed 
to use the confidence categories to rate their 
certainty that their responses at recall did, 
indeed, come from the list, OL or IL, to 
which they assigned them. Under this in- 
struction, the resulting MOC functions 
should measure availability since list identifi- 
cation is quite accurately made for all re- 
called responses. 

It is predicted that in these experiments 
beta for OL will become more restrictive as 
interference increases and that d’ will be 
relatively unaffected. Experiment I includes 
payoff manipulations to vary beta experi- 
mentally. If unlearning is the result of 
criterial changes, payoff variations should 
tend to mimic or compensate for the effects 
of interference. In Exp. II, Ss are forced to 
respond to every stimulus in MMFR in a 
further attempt to vary criterion experi- 


mentally. 
EXPERIMENT I 


Method 

Design.—AM Ss learned a PA list to a criterion 
of one perfect recitation. They then entered one 
of six independent groups, defined by the factorial 
combination of two levels of interference and three 
payoff schedules. Interference consisted of either 
2 trials or 20 trials of IL on an A-C list. Payoff 
was based on the following MMFR scoring: Cor- 
rect responses had to have list membership, OL or 
IL, correctly designated, regardless of pairing with 
OL or IL stimuli. Incorrect responses were all 
extralist intrusions as well as OL responses 
designated as IL, or vice versa. The three payoff 
schedules were: (a) 0/0, control condition with no 
payment or charge; (b) 20/0, lenient condition 
where all correct responses were rewarded with 
206 and no charge for incorrect ones; and (c) 
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20/20, strict condition where correct responses were 
rewarded with 206 and incorrect ones cost 20€. 3 

An additional variable, within-Ss, was the admin- 
istration of two MMER tests. A first MMFR 
(MMFR:i) was administered to all Ss immediately 
aíter IL. Confidence rating was required in 
MMFR; but no mention was made of payoff. 
After MMFER,, the sheet was taken away and a 
second one (MMFRs) was presented. With 
MMFEFRz came payoff instructions; confidence rat- 
ing was the same as for MMFR:. . 

Subjects—There were 48 male Hopkins under- 
graduates, 8 in each of the six conditions, ful- 
filling a requirement of an introductory psychology 
course. Some had previously served in one verbal 
learning experiment, but all were naive to paired 
associates. Two additional Ss were rejected for 
failure to learn the first list in 40 trials. 

Lists.—Both OL and IL had 8 paired associates, 
CVC stimuli and bisyllabic adjective responses, 
given at a 2:2 rate with a 4-sec. intertrial interval. 
Stimuli and responses were selected and paired 
according to the rules of Barnes and Underwood 

(1959). Every list was presented in four counter- 
balanced orders. After 24 Ss had been tested, new 
pairings of stimuli and responses were given to the 
second 24 Ss. 

Procedure.—Learning of OL was by anticipation 
at a 2:2 rate to criterion. There followed a 1-min. 
rest period during which IL instructions were given. 
After IL, there was another l-min. rest period 
which was largely taken up with MMFR, instruc- 
tions, and MMFR; was administered immediately 
after the rest. There was no filler task to equate 
the OL retention interval for the 2- and 20-trial 
groups. Recall was written on a sheet on which 
all stimuli were in a column on the left-hand 
margin. After each stimulus, two lines were pro- 
vided for the OL and IL responses. The lines 
formed two columns, and at the top of the left- and 
right-hand columns, "First List" and "Second List," 
respectively, were printed. The Ss were not re- 
quired to pair stimuli and responses appropriately, 
but were instructed only to write each response in 
the correct column. Below the space for recall of 
each word was a line for recording confidence 
judgments. It had seven intervals and was labeled 
"Most Confident" at one end and "Least Confi- 
dent" at the other. The Ss were told to use this 
scale to rate their confidence of the list member- 
ship they gave to each response. Checking "Most 
Confident" indicated that they were certain they 
had put the word in the correct list, and "Least 
Confident" meant a pure guess. 

The Ss were given 2 min. (or more if they re- 
quested) to complete MMFR:. Guessing and full 
use of time were encouraged. After MMFRi the 
recall sheet was taken away and a fresh sheet was 
presented for MMFR. Instructions for MMFR. 
varied according to the payoff condition. The Ss 
in the 0/0 group were instructed to fill the sheet 
out exactly as before, recalling as much as they 
could, whether or not they recalled it before. In 
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the 20/0 group, Ss were also told to fill the sheet out 
as before, but were advised that since there p 
penalty for incorrect responses and a reward fo! 
correct ones, they would probably increase pe 
gains by guessing after emitting all responses ai 
were sure of. The 20/20 group was advised to d 
very cautious since they would be more likely di- 
lose than gain by guessing. For all payoff EA io 
tions the recall sheet for MMFRz was identica x 
the first, and the confidence rating procedure, m 
structions (except for payoff instructions), and ti 
limit were also the same. 


Results 


First-list learning.—Mean trials to OL 
criterion was 15.23, and analysis showe 
significant difference between the group" 
F (5, 42) 2248, p< 05. A concentra 
tion of fast learners in the two nonpayo 


: e- 
groups (0/0 at 2 and 20 trials) power 
sponsible for the difference. With the (our 
0/0 conditions removed, the remaining 59. 


did not differ in OL trials, F (3, 28) d to 
Recall data from MMFR, were analyze y 
determine whether OL differences hà ken 
effect on recall. Since MMFR: was ^^, 
before payoff, possible differences u y 
learning speed were not yet contaminate 
payoff effects. The payoff groups di (2 
differ significantly in MMFRi; recall, icant 
42) = .18, and there were no sign! jable- 
interactions involving the payoff MEE e 
Dunett's f was applied to the differe 5 
tween first MMFR means of the 0/08 
and the corresponding means of the : 
20/20 groups combined and no di 
were significant. On the basis 9 
analyses, it was decided that OL di - 
did not contaminate the results. 
off had, in fact, no consistent effect on 
in MMERg (see subsequent discussio ore 
question of a confounding of learning rise: 
ences with the payoff variable does p y dat? 
The MOC analysis was performed pu 
had been summarized across payoff s 
within interference conditions an rfe 
d' and beta only for the two inter nere 
conditions as a whole, between WP' 
was no difference in OL rate. 

Response recall.—Table 1 ve 
MMFR recall of OL and IL for eac Ad 
mental condition. OL recall pet a5 Qa 
using trials of IL and payoff EIS VFR 
tween-S variables and MMFRi VS: 


4 


= 
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is TABLE 1 
MEAN RECaLL or OL anp IL ix MMFR; AND MMFRs A 
L AD eU AND MMFRz AFTER 2 AND 2 F d 
THREE Pavorr Conpitions (Exp. I) MADERA NUN GRIS UE 
fe 2 trials 20 trials 
Payoft OL IL OL IL 
MÀ MMFRi; MMFR: MMFR: MMFR: MMFRi MMFR: MMFR: MMFR: 
: : 
20/0 6.87 6.63 3.13 3.29 2.87 3.63 1.15 7.63 
20/20 6.87 6.75 3.00 3.37 3.50 4.00 8.00 7.87 
M 7.25 7.37 8.13 3.00 3.87 7.25 7.25 
7.00 6.92 3.08 3.21 3.83 7.66 7.58 


as a with; 
Bilge E variable. The oft-replicated 
2) = one was highly significant, F (1, 
have no inf b < 001. Payoff seemed to 
Main Eee uence whatever on recall. The 
tions invol of payoff as well as the interac- 
less than Ving this variable all had F ratios 
the Chai auty, Separate £ tests compared 
MMpp Se in recall from MMFR, to 
(Which di for the 20/0 and 20/20 groups 
test he. id not differ in OL rate) in order to 
Masked Possibility that OL differences had 
s Ls ayoff effects. Although these two 
d Were ee the extremes of payoff 
Not difer equated for learning rate, they did 
™ recall Significantly in amount of change 
MM E cs or IL from MMFR; to 
The t either level of interference. 
a 2 FR variable, intended primarily 
acted s icle for payoff treatments, inter- 
— 685 Shificantly with IL trials, F (1, 42) 
di nt .025. Inspection of the data 
c recovery of OL after heavy 
ringens is responsible for this effect. 
» Tes Scoring.—With stringent scor- 
the "ope os are counted as correct only if 
hat eligi pated in MMER with the stimuli 
Were not ed them in learning. Although Ss 
tw instructed to make correct pairings, 
ee for them to do so, and it was 
ily, le to score all the protocols strin- 
nilar to a experimental situations very 
f, erwoog he present one, both Barnes and 
ound [eet (1959) and McGovern (1964) 
S difference between the number of 
jump » ecalled (lenient scoring) and the 
structed eect by stringent scoring, but they 
x Xperj S to attempt correct pairings. In 
Correct ment, without instructions to pair 
J^ stringent OL scores were some- 


SPonses r 


what lower than lenient OL scores, but this 
difference changed little as interference in- 
creased. For OL after 2 trials of IL the 
average stringent score was 78% of the 
lenient score, and after 20 trials it had 
dropped to 63% of the lenient score. Since 
the level of lenient recall in the present ex- 
periment is equivalent to that found in the 
conditions of the Barnes and Underwood and 
the McGovern experiments that were essen- 
tially replicated, it can be assumed that the 
somewhat lower stringent scores found here 
are a result only of the different instructions. 
The Ss could have produced higher stringent 
scores if they had tried, and the data seem to 
show that the overall stringent scores merely 
reflect the fact that some Ss tried to make 
correct S-R pairs, and did, while the rest did 
not try at all. For OL recall, 47% of the 
Ss have stringent scores equal to their 
lenient scores, while 23% have stringent 
scores as bad as or worse than what would 
be expected by a random pairing of what 
they recalled with the stimuli. 

Tntrusions—Intrusion rates were quite 
low in all conditions. The maximum possi- 
ble number of intrusions was 511, but only 
64 were obtained. Of these, only 1 was the 
result of confusion between OL and IL, and 
the rest were extralist. 

Although payoff had some effect in the 
expected direction on the number of in- 
trusions, the effect was very small, and dif- 
ferences between Ss in intrusion rate were 
too great to allow any meaningful statistical 
tests. The small effect of payoff on intru- 
sion rates is illustrated by performance in the 
20/0 group. With this lenient payoff, gains 
would be maximized by using the lowest 
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criterion possible, ie. by withholding no 
responses whatever, and Ss were made aware 
of this. Such a strategy should produce 
either a correct response or an intrusion at 
every opportunity to respond, yet there were 
53 instances when no response at all was 
given (256 total opportunities, 178 correct 
responses, and 25 intrusions). 

Confidence rating——Confidence ratings 
showed a high degree of discrimination be- 
tween correct and incorrect responses (also 
see Murdock, 1966; Pollack & Decker, 
1958). Correct responses were distributed 
in a highly skewed curve, with an overall 
95% in the category of greatest confidence. 
Intrusions showed a less extremely skewed 
distribution, with 67% falling in the three 
lowest categories overall, and considerable 
variation existing from condition to condi- 
tion. 

The only strong effect of payoff was on 
the confidence level of intrusions emitted. 
Before payoff, at MMFR,, the mean con- 
fidence level of the intrusions on a 1.00-7.00 
scale (7.00 being the highest) was 3.13, and 
each S emitted an average of .48 intrusions. 
In the 0/0 control condition, the mean con- 
fidence of the intrusions in MMFRz» was 
about the same; 3.73 and .69 per S were 
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Fic.1. Type II MOC functions for OL after 2 
and 20 trials of IL (Exp. I). 
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emitted. With lenient 20/0 payoff, the mean 
confidence level dropped to 1.76 as quite a 
few more intrusions, 1.56 per S, were 
elicited. The strict 20/20 payoff, on the 
other hand, seemed to suppress intrusions of 
about the same; 3.73 and .69 per S were 
emitted, and the mean confidence of er 
was 5.40. The average confidence eren 
the correct responses was 6.84 in MMF 3 
In MMFR; it was 6.91 for the 0/0 p ot 
group, 6.82 for the 20/0 payoff, and 6.89 1o 
the 20/20 payoff. " s 

SDT analysis.—For two reasons it is 
not possible to make meaningful SDT ana T 
ses for each condition as was planned. wies 
the common finding that few intrusions m 
in MMFR also obtained here, even when s 
were highly motivated to make luteus. 
In 8 of the 24 cells there were no intus 
at all and consequently no way to determ re 
the noise distribution. Secondly, SS pes 
very accurate and extreme in their i- 
fidence judgments and placed the m ries 
trusions they emitted in such low eae 
that, in general, estimates of false-a ions 
probabilities were based on too few intrus! 
to be reliable. 

Although the more specific tests °° yl 
hypothesis could not be made, it wb m 
possible to make a general test by geren the 
ing the two SDT parameters for OL ® . 
two levels of interference after colla This 
over the payoff and MMFR variables. 
procedure provided an estimate of 
beta based on two measures for þeir 
(MMFR, and MMFR;), the second tiva" 
taken at one of the three different D 
tional levels. There seems to be ne dit 
this procedure could introduce a bias "tef 
measurement of d' for OL in either "ine 
ference group. At most it increase ne à 
range of criteria over which d’ is dete" rt oF 
Whatever bias this procedure may e o 
measurements of beta affects both O e r 
equally, since both are collapsed ^ ang!’ ! 
same motivational levels. Acco for 
Fig. 1 presents the MOC functions oh 
at the two levels of interference.” a 
of points is fitted well by a straight 
ning nearly parallel to the posit!" fear h 
on probability coordinates. It 15 pot 
sensitivity is very nearly the same 


f the 


line TU 
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" TABLE 2 
MEAN RECALL AND TOTAL INTRUSIONS OBTAINED IN MMFR,; AND MMFR: or Expr. 1I 


2 trials of IL 


20 trials of IL 


Item OL IL OL IL 
z MMFR: MMFR: MMFR: MMFR: MMFRi MMFR: MMFRi MMFR: 
ecall à 1 
Intrusions SD “es Sd 3:000 Aaa 5.250 i a 7.875 
3 22 1 


l , 
réel: interference whatever measure of 
fall on the is used since both sets of points 
fidence le wa ey At the highest con- 
trish S eel d' is 236 for OL after 20 
è! diss: LE peius and 2.32 for 2 trials. 
Obtained e determined by the five points 
it is 224 e the 20-trials group is 2.35, and 
vided b averaged over the four points pro- 

h y the 2-trials group. 

and $ een functions represent, on the other 
erion 3 D sient levels of response cri- 
o lie on tH 1e two sets of points are assumed 
rials gr he same MOC, those from the 20- 
seston’ Ho define a much more cautious 
here is an those from the 2-trials group. 
tions, ine ee between the two distribu- 
after 2 t B most cautious criterion used 
lenient a of interference is still more 
ot the three strictest criteria used 
Aa of interference. Mean beta 
83, but Tee strictest criteria after 20 trials is 
teria after ly ;13 for the three strictest cri- 
al hough ; 2 trials, This is a large difference, 
e there is no way of testing its signifi- 


t 


after ; SDT analysis implies that OL loss 
Shif nterference is the result of criterion 
not unlearning. Tf this is the case, 
ma be eliminated if the criterion 

to its preinterference level. 


ar 
Y profit was not found to change cri 


Mo 


Net 


i 
equine Was employed in which Ss were 
O give a response on every blank 
s FR, sheet. Forced responding 
thection p e the lowest possible response 
ey mig] in Ss by overriding any tendency 
nt have to withhold responses. 


EXPERIMENT II 
Method 

Design and procedure—The 20/0 group of Exp. 
I was replicated at both levels of interference in 
every particular except for MMFR instructions. 
During MMFR,, Ss were given 5 min. for recall, 
were asked to guess whenever they were not 
sure, and were told to use all the time in attempting 
recall, This was enough time for all Ss. With 
MMER,, 20/0 payoff was introduced, but Ss were 
also told that they must write some word on each 
of the 16 lines of the sheet. A 5-min. time limit 
was announced, but not enforced because it was 
too short for many Ss, and MMFR: had, in 
effect, no time limit. Confidence rating was re- 
quired exactly as in Exp. I. 

Subjects.—There were 16 Ss, 8 in each condi- 
tion. All were male Hopkins undergraduate vol- 
unteers paid $1.25 in addition to whatever they 
earned in the experiment. They were naive to 
verbal learning experiments and were not informed 
of the payoff before MMFR: instructions. 


Results 

Response recall.—Table 2 presents both 
mean recall and total intrusions obtained in 
each cell of the experiment. Analysis of OL 
revealed a significant RI effect, F (1, 14) 
= 6295, p < 001. Forced responding 
successfully lowered response criterion, for 
MMFR, recall was better overall than 
MMFR;, F (1, 14) =5.52, p < .05. The 
improvement in MMFR was largely due to 
increased recall of “unlearned” OL, and 
the interaction of the RI effect (IL trials) 
with the MMFR variable was significant, F 
(1,4) 2797, p € .025. 

Confidence — rating.—Confidence rating 
showed the same high accuracy and skewed 
distribution of intrusions and correct re- 
sponses over the categories as was found in 
Exp. I. Also in common with Exp. I was 
the small difference between MMFR, and 
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MMFRz in mean confidence of correct re- 
sponses. In MMFR;, the mean confidence 
was 6.46, and it was 6.64 in MMFR». The 
correct responses elicited in MMFRə and 
not in MMFR, had, however, a mean con- 
fidence of 6.27, indicating some criterial 
effect on recall. Intrusions showed a large 
shift in confidence when forced responding 
was demanded. In MMFR, the mean for 
the 4 intrusions was 3.25, compared to the 
mean of 1.31 íor the 66 intrusions of 
MMFRs. 

SDT analysis.—Intrusions and correct re- 
sponses did not overlap sufficiently on the 
confidence scale for d' or beta to be deter- 
mined. As estimate of these parameters for 
OL in Exp. II was, however, made by 
averaging the probabilities (unweighed) of 
correct responses and intrusions in each cate- 
gory of confidence with those obtained in the 
appropriate condition of Exp. I. For 
MMFR, of Exp. II, the resulting distribu- 
tions yielded a d' estimate of 2.05 for OL 
after 2 trials of IL and one of 2.60 after 20 
trials. The mean of the betas for the three 
most stringent categories of the averaged dis- 
tribution was .64 after 2 trials and 1.18 after 
20. The same averaging procedure for 
MMERzg resulted in an estimated d' of 
2.97 and mean beta of approximately .10 for 
OL after 2 trials and a d' of 277 and beta 
of 1.05 after 20 trials. These estimates can 
be considered as only a rough indication that 
the SDT analysis of Exp. I was not contra- 
dicted by behavior in Exp. II. 


Discussion 


The fact that d' for OL was unaffected by 
interference, but beta became more strict as 
interference increased indicates that a restric- 
tion of guessing and not a loss of OL strength 
(unlearning) is responsible for RI. If, alterna- 
tively, d' is considered to be a retention score 
that is corrected for guessing, then the con- 
stancy of d' indicates that no more OL was lost 
after 20 trials of interference than after 2 trials, 
and a conservative shift in guessing is still 
implicated in the production of measured RI. 
1f, however, a strict criterion is responsible for 
the apparent forgetting. why was recall in- 
creased only about 3096 in Exp. II when use 
of the lowest possible criterion was forced on 
Ss? An answer to this question as well as to 


WILLIAM P. BANKS 


that of the mechanism responsible for the 
criterion shift is attempted in the following 
discussion of the role of generalized response 
competition in interference. g 
According to the hypothesis of generalized 
competition, IL reduces the set or bias to emit 
the class of responses constituting OL. The 
OL responses no longer form a coherent pn 
but must, as it were, be individually searche 
out in memory, and they are therefore nO 
longer protected from competing items by ? 
tendency to be called up together. "These come 
peting items could be IL responses, potential jm 
trusions, and/or extraneous associations man 
available by weakened response bias. . Such 
competition increases the number of possibilities 
among which S must search in recalling on 
and it is suggested here that this increase 1° 
responsible both for RI and for the interference. 
induced shift in criterion. An increase in ET 
pool of items from which OL is selected W! i 
by itself, reduce the amount recalled MEC 
though the competitors are all very 10W ed 
strength and the strength of OL is unalter n 
In the forced-choice psychophysical situat a 
it is, in fact, possible to calculate the decre a 
in hit rate for targets with a constant th 
the number of distractors of zero mean streng 
and unit variance increase (Elliott, 
The MMFR situation differs in many tion 
portant respects from the forced-choice situa 
analyzed by Elliott: The distribution 
strengths of the distractors is not know”: 
distractors probably are not orthogonal trol- 
the choices are not under experimental cont, 
Only in the general sense that a decreme” 
OL recall after IL without loss of OL perm 
is predicted from generalized response Choice 
tition can the analogy with the forced-C 
situation be entertained. agent 
The criterion, then, becomes more stri” 
after interference because of the increased 
of distractors among which S must selec thé 
OL responses. In order to avoid intru ing re- 
competitors in recall, S is more cautious ! Ix. 
sponding. This caution obtained also Mhighe" 
II when responding was forced. The atl 5 
categories of confidence were still categof 
cautiously as in Exp. I, and the lowest C?" ere 
absorbed most of the competitors 
forced to emit. The increase in reca 


the 
an 


S "aed 
11 obtain’ 


and is only partly the result of lowe 
terion. It seems likely that with t] ; pL, CO 
interference afforded by 20 trials © ios men 
petition is so great that a small imp 


"c 
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en beyond the 3096 obtained with forced 
mr mE would require a vastly extended 
could be i ey unlikely, however, that Ss 
they di induced to search much longer than 

y did in the forced responding condition. 
nbc u^ Pésut of this experiment is com- 
remains © Murdock's (1966) finding that d’ 
the ieee over serial position (SP) in 
though -term recall of paired associates, even 
accord oe differs among the positions in 
Owed the 1a SP effect. Criterion setting fol- 

Sfor IM pattern, being more strict for 

irda. hich recall is lower. A criticism of 
(1967) "li study, derived from  Bernbach's 
Present A seien „of it, applies also to the 

memo Arguing from a finite-state model 
may mov Bernbach suggests that forgetting 
* nonlear, T item from a learned (R) state to 
constant pa (N) one. Thus d' would remain 
Botten ecd a set of items after some are for- 
the üles this measure would simply reflect 

is! not rad strength of the remaining items. 
count f clear, however, how this model can 
hore, th oF the change in criterion. Further- 
espondin, reduction in RI produced by forced 
Some wa: 8 cannot be explained unless there is 
to tetur Y for an item, without reinforcement, 
there ; E to State R from State N. Finally, 
3 item t 1€ question of how interference causes 
;Ulieuft: ° move from State R to State N. The 
in p n With the extinction theory of unlearn- 
as Well Y to a finite-state model of memory just 
the fini aS to a continuous strength model, and 
© mec tige model does not seem to offer 
tinction ‘sm fundamentally different from ex- 


I 
Sed echanism suggested here explains mea- 
ae i Betting without any reliance whatever 
"s S araon, . The component of RI identi- 
ing P earning is seen as the result of at- 
tha Re Select the correct responses from a 
i respon actors, These distractors appear as 
à diminish bias that allows OL to be isolated 
thers bu Ned. RI results not from the loss of 
eM in t from the failure of the search for 
Siven context, 
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DECISION AND DECAY PROCESSES IN THE 
SHORT-TERM MEMORY FOR LENGTII' 


KATHARINE I. BLICK ? 


University of Washington 


The short-term memory (STM) for length was studied in a paired-com- 
parisons (AX) paradigm. The six retention intervals (1, 2, 3, 5, 9, and 15 
sec.) and the 19 possible lengths of the standard stimulus were randomly 
varied within blocks. Besides equality, there were 10 possible length 
differences between the standard and comparison stimuli, and these differences 
were presented equally often within blocks except that the probability of a 
difference was equal to that of no difference. Two well-trained Ss were 
asked to make a same-different recognition judgment in Part 1 and both a 
same-different and a longer-shorter judgment in Part 2. There was a 
significant decline in performance over unfilled retention intervals in both 
parts, but superimposed on this was a tendency for recognition accuracy to 
increase from the 2-sec. to the 5-sec. delay. The performances for the two 


types of decisions in Part 2 were not closely related. 


Thus, evidence was 


found for both two decay processes and for two separable decision processes. 


The retention of a single nonverbal stim- 
ulus has been extensively investigated in the 
classical psychophysical literature, but the 
effects of response biases were usually not 
separated from those due to the decline in 
discriminability as a function of time. This 
consideration is particularly critical in the 
investigation of the nature of the decision 
and decay processes. For example, Kohler 
(1923) hypothesized the time order error 
(TOE) as a description of short-term decay 
processes, but his and most of the later ex- 
perimentation have used response biases as 
measures of the TOE. Thus, it has been 
unclear whether this effect appears in re- 
tention or only during the decision process. 
Ronken (1967) and Wickelgren (1969), 
however, measured the TOE with the d' 
from signal detectability theory, which is 
theoretically free of response biasing effects. 
Wickelgren reported finding no TOE ef- 
fects in the retention of pitch, but Ronken 
found consistent and reliable retention asym- 
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research was complcted in partial fulfillment of 
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University of Washington. 
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metries in the short-term memory (STM) 
for tone intensities. Although Ronken $ ‘a 
under certain conditions showed better A 
crimination for one standard intensity - 
another, at no time did the discriminati? 
of either the weaker or the stronger coe 
ards improve as a function of time, a5 I 
ler’s theory predicts. +. of? 
Evidence supporting the hypothes!s from 
nonunitary decay of nonverbal item$ ^ sn- 
STM is found in studies with adequate “OE 
trol of response biasing effects. The, n as 
that Ronken (1967) found changed ae ac- 
a function of delay, paralleling but no of 
counting for the decreasing accuracy ej- 
performance with increasing delays- bap nore 
gren (1969) felt that his results Were peor 
adequately described by a two-process eor 
of decay than by a single-process ne cess 
Also, it would be difficult for a single? fect’ 
theory to encompass the reminiscence i 37) 
seen with pitch recognition (Irw , Lap 
nonsense form recognition (Eriksen D cnet 
pin, 1967), and visual location 
1967). itary 
There is also evidence for a non a ed 
decision process. Wickelgren ( ep 
that there appeared to be two separat * 
in the higher-same-lower judgmen" ^: enc? 
in a paired-comparison paradigm < i al 
for two separable decision process? 
seen in Dallet, Wilcox, and 
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ped € of the retention of a group 
Taka ay ul pictures by means of both a 
Tem on and a type of recall test. They 
the STM that there may be information in 
an S's l1 that is available for use in 
decision, be idence ratings for a recognition 
oo ut which is not available for recall 
sone y experiment used familiar uni- 
ask to aar stimuli in a delayed comparisons 
cesses nel yze the decision and decay pro- 
Was cho olved in nonverbal STM. Length 
ause sen as the memory dimension be- 

Perceived length is linear with real 
(Teghtsoonian & Teghtsoonian, 
nd perceived length differences are 
with real length (Creelman, 


jes d the interpretive errors of earlier 
Te Pn ae modifications of procedure 
traing e uced. The Ss were extensively 
stimuli the verbal labeling of the length 
Coulg 2 that the accuracy of the labeling 
* adequately estimated and so that 
ts anf Psi would be minimized. Pay- 
tria] cedback were used after every 
Valu - Maximize performance. Both the 
Vere „, >" the standard stimuli and the delays 
the Varied within blocks of trials, as were 
Standarg “te length differences between the 
Yong © and comparison stimuli. This was 
tat fs force Ss to maintain consistent 
Condition, 9r standards of performance over 


2 Part 


Praet; 
i 
Offs e 


iie ; 1, Ss were asked to make a same- 
påtive Judgment on the comparison length 
th 2, th the standard on each trial. In 
D» Sam, Sy were asked not only to make 
tha Se do erent judgment, but also to 
he sco Parison as longer or shorter 
Sepa, andard. These judgments were 
“ately analyzed, so that conclusions 
nature of the decision process 
n from the effect of the second 
the first. The interrelationships 
decisions were also studied. 


METHOD 


Ss were two undergraduates, 

iu ected One female, They both had normal 

to Cs Wh to normal vision. They were 

the sep Were paid for their services accord- 
“cules specified subsequently. 


T» 
ject 
oy” male “~The 
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Stimuli and apparatus—The stimuli were steel 
rods, .045 in. in diameter and ranging in length 
from 13/5 in. to 15 in. in 24 equal steps of s in. 
cach. Four rods of cach length were used inter- 
changeably. 

The S was seated at a table covered with black 
felt. The backdrop was black felt. A plywood 
screen was interposed between S and the table. 
During a trial, S rested his head on a chinrest and 
looked monocularly through a 2.23-in. round shut- 
tered hole. The hole was 13 in. above the table 
level, and the rods were placed 1&8 in. from the 
screen so that they were approximately 23 in. 
from S's eye. The rods were manually positioned 
by using a strip of black plastic tape on the table 
as a guide; the tape ran parallel to the plywood 
screen, but neither began nor terminated in S’s 
visual field. The left-right position of the rods 
was varied irregularly. 

Before each trial, a toggle switch was thrown 
to select the Industrial timer set at the predeter- 
mined delay interval for that trial Thus, a 
separate timer was used for the presentation time 
and for each delay condition. 

Training.—The 24 different rod lengths were 
ordinally assigned the names "one" to "twenty- 
four," corresponding, respectively, to the shortest 
and to the longest rod lengths. The S’s task was 
to learn the name of each rod length. 

Each rod was presented for 1 sec. Immediately 
after S verbally attempted to guess the name of 
the rod, E stated its name. The intertrial interval 
averaged about 9 sec. being jointly determined by 
S's latency and by the time necessary to position 
another rod. 

The stimuli were randomly presented in blocks 
of 175. The Ss were given 2-3 blocks a day for 
3-5 days a week, with at least 15 min. between 
blocks. The Ss were paid according to their 
naming accuracy and were told their earnings at 
the end of every block. The Ss were trained until 
a series of 10 blocks showed only random varia- 
tion in naming accuracy. 

Short-term memory task, Part 1.—The first or 
standard stimulus rod was presented for .75 sec. 
After a variable delay, the second or comparison 
rod was presented. The comparison rod remained 
visible until S responded with a verbal “same” or 
“different.” The S then pushed a switch to close 
the shutter. 

There were six possible delays between the 
first and second rods: 1, 2, 3, 5, 9, and 15 sec. The 
delays were randomly presented within each block 
of trials, except that no one delay could occur 
more than three times in a row. The intertrial 
interval was also variable, but averaged about 12 
sec. per trial The Ss were instructed not to 
concentrate on their image of the standard rod 
during the delay interval because in pretests it 
was found that such concentration increased the 
variability of the data without affecting the mean 


accuracy. 
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There were 11 possible length differences between 
the comparison and standard stimuli: 0, yu, 
ms, ce, trs, Or +35 in. Smaller and larger 
comparisons could be made equally likely for each 
standard length because only the rod lengths num- 
bered 6-19 comprised the set of standard stimuli. 
The comparison set included all 24 lengths. “Same” 
and “different” presentations were equally likely, 
and the length differences were presented randomly 
within a given block. Thus, there were 10 X 6 = 60 
possible combinations of “different” and the six 
delays, and 100 trials per S were run for each 
combination. Since 1,000 “same” trials were also 
run at each delay, there was a total of 12,000 trials 
per S. Several hundred practice trials were also 
given to each S. 

There were 148 trials in a block, with a 5-min. 
rest halfway through the block. There were 3 
warm-up trials at the beginning of each block and 
after the break in the middle. The entire block 
took about 50 min. to complete. The Ss were run 
2-3 blocks a day for 3-5 days a week. 

The Ss earned 7.5¢ for each correct decision, 
and 7.5¢ was subtracted for each incorrect judg- 
ment. As soon as possible after each block, S was 
informed of his earnings. The Ss were repeatedly 
encouraged to try to better their performance. 

Short-term memory task, Part 2.—In Part 2, Ss 
made a longer-shorter judgment as well as a same- 
different judgment, so that a typical trial response 
would be “different, longer.” Because Ss were to 
make a longer-shorter judgment even if they first 
responded “same,” they were told: “Since you are 
frequently wrong when you respond ‘same,’ tell 
me what the direction of the difference would be 
if, in fact, there was a difference.” After two 
blocks of practice, Ss had no real trouble in 
making the combined judgment. 

Three delays were used in this part of the ex- 
periment: 1, 2, and 5 sec. There were 75 trials for 
each of the 10 X 3 = 30 different possible combina- 
tions of "different" and the three delays. There 
were also 750 "same" trials, making a total of 
4,500 trials for each S. 

The same-different judgments in Part 2 had 
the same payoff as in Part 1; the payoff for the 
longer-shorter judgment was - 26 and was com- 
puted only for the trials where there actually was 
a difference present. All other conditions were the 
same as in Part 1. 


RESULTS 


Both Ss had a bias towards saying "same," 
and this bias tended to decrease regularly 
as the time delay was increased. Because 
of this bias, the d' of signal detectability 
theory was used in the data analysis. The 
d's were taken from Swets' (1964) table. 
For Part 1 and for the same-different de- 
cision of Part 2, the probabilities used for 
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entering the table were the probability of a 
“different” response given that there was, 1n 
fact, a length difference between standard 
and comparison and the probability of à 
"different" response given no difference. 
The same conditional probability of a “dif 
ferent" response given no difference was 
used for the 10 possible standard-comparism 
differences at a given delay. The d' of pni 
longer-shorter decision was determined y 
means of the probability of a "longer id 
sponse given that the comparison stimu - 
was longer than the standard and the pro i 
ability of a “longer” response given 2 shorte 
comparison. These methods for determining 
d' assume that the longer-shorter an ; 
same-different decisions are made. sepa” 
rately; evidence for this assumption 15 a 
cussed later. No inferences should A 
made concerning the relative accuracy 
the two decisions. Since accuracy ath, 
training task did not vary with rod len ent 
all the standards are treated as equiv o 
in the following analyses. The tee n 
significance (all two-tailed unless ate ie 
specified) and estimates of variance e 
from Gourevitch and Galanter (1967). n of 
Figures 1 and 2 present d' as a fun 
delay for A. S. (male) and S. S. em ions 
respectively. The data from both decis. 
and both parts of the experiment pii the 
cluded. Since the d's were averaged oV? pese 
standard-comparison differences for sent? 
figures, each point from Part 1 repre the 
2,000 observations, each point from ents 
same-different decision of Part 2 repres the 
1,500 observations, and each point ob* 
longer-shorter decision represents ost 
servations. The time delay curves a ake” 
of the comparison-standard difference’ m 9? 
individually tend to be of the same # the 
the average, although the position ularly: 
second peak in Part 1 varies m with 
Specifically, although S’s performans wit! 
the longer comparisons differs from fausset 
the shorter comparisons (as !5 ; ction 15 
later), the form of the retention func. ef 
the same for both the longer a} evi" 
comparison lengths. The standar ac 
tion varies from .05 to .07 for o" 09 fof 
ferent points and is approximately 
the longer-shorter points. 
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o—o I, Same - Different 


o—o ]l,Same - Different 


O 5 
Delay interval (sec) 


Fic. 1. d'as a function of delay for A. S. from both Parts 1 and 2 
and for both decisions. 


c, A different from those at 2 and 15 
Sec, (5 :005) and from those at 3 and 9 
tantly 28 05). The d' at 1 sec. signifi- 
In g differs from all others (p < 005). 
Part > >: S same-different performance in 
“antly int d' at the 2-sec. delay signifi- 
and fra ters from that at 1 sec. ( < .01) 
Parg 2 that at 5 sec, (p < .005). A. S.’s 

Same-different performance is sig- 


1.0 


Fo : 
nificar A. S. in Part 2, the d' at 5 sec. is sig- 
E 


9 


e—o II,Longer - Shorter 


IO 15 


nificantly different from that of Part 1 at 
the 1-sec. delay (p < .005), but not at 2 or 
5 sec. There are no significant differences 
among the longer-shorter d's. 

For S. S. in Part 1, the d' at 1 sec. is 
significantly different from all others (p < 
.005), but there are no other significant dif- 
ferences. For this S in Part 2, the same- 
different d' at 2 sec. was also significantly 
different from that at 1 (p < .05) and at 5 


o— I, Same- Different 
o—o Il, Same- Different 
e—e TII, Longer — Shorter 


IO 


Delay interval (sec) 


Fic. 2. d'as a function of delay for S. S. from both Par 


ts 1 and 2 


and for both decisions. 


t2 
[e] 
[2] 


o 
w 


o 
N 


o 
l 


Positive minus negative d 
o 


(0) 2 4 6 
Delay interval (sec) 


Fic. 3. The TOE functions for both Ss as a function of the retention interval. 


sec. (p < .01). S. S.’s same-different per- 
formance is depressed in Part 2 relative to 
Part 1. This depression is significant at 
both the 1- and 2-sec. delays (p < .005 and 
.05, respectively). Again, there are no 
significant differences among the longer- 
shorter d's. 

Figure 3 indicates TOE effects. The 
TOE is defined here as the differential 
sensitivity to positive (comparison larger 
than standard) as opposed to negative 
(smaller comparisons) differences. The 
data points in Fig. 3 represent the mean d' 
of performances, with shorter comparison 
lengths subtracted from the mean d' of the 
longer comparisons. These mean differ- 
ences are graphed against delay for each S. 
Each point thus represents 500 shorter and 
500 longer observations. The only signifi- 
cant differences between positive and nega- 
tive d's were for S. S. at the 1-, 2-, and 3-sec. 
delays (p < .005, .01, and .05, respectively). 
There were no significant TOE effects at any 
delay for either S in Part 2, although the 
positive d's were larger than the negative d's 
for both Ss at all three delays. 

The larger and smaller comparison 
lengths of equal differences were combined 
so that d' could be plotted against the com- 
parison-standard length differences in six- 
teenths of an inch. Because there was no 
significant Delays x Comparison-Standard 
Differences interaction, the data points were 
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e—e AS. 
o— S.S. 


8 10 12 14 16 


also averaged over the time delays. Bl 
tion of the resulting figures provided an 
reason to reject an assumption of @ ee 
decline in performance as a function of 
creasing standard-comparison differences. 
The probability of a "same" ps 
given each possible length difference betw' 
standard and comparison, was plotte 
each time delay, for each part, and for 
S. The resulting functions were 
and permitted only the conclusion 


each 


varia? 
that dis- 


"e S x s ac 
crimination tended to flatten with s 
curate performances, due mainly to sme 


creasing probability of a correct 
response. csi 
One method of evaluating the relations 
between the two decisions is to examine 
probability of a correct longer-shorte? ted 
sponse given that Ss first incorrectly ta re 
the stimulus “same.” If the decisio? ond 
made simultaneously, then the * n 
guess” should be random and wou 7 
tain no information not present in the 
decision. The probabilities of 2 C7 gec- 
second guess for A. S. at 1, 2, and The 
are .509, .503, and .538, respectively- <07, 
corresponding values for S. S. are > ith 
and .582. The chi-square qeta 
1 df) was not significant at any one t fof 
with all delay times averaged toget re 58 
A. S. S. S/s chi-square values W° (p< 
nificant at 1 sec. (p < .05), at 5 Be 
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005), and for all delay times taken together 

(P < .005). 

A eed way of evaluating the relation- 

d etween these decisions is to determine 

hase percentage of the correct longer- 

E er responses are preceded by a cor- 
response of “different.” This condi- 


ti aji 
A Brobabiliiy was .611 for A. S. and .688 


Discussion 


aoe Ss in the present experiment showed a 
an ee decline In accuracy as a function of 
ably ari time delay. This decline was prob- 
Cause ue to the decay of a verbal label be- 
STM ( S labeling was asymptotic before the 
est and the retention of a single number 

not decline over an unfilled interval. 
More, Ss’ memory performances were 
Was meee than their labeling. Thus, there 
volved ; bably a large nonverbal component in- 
owever the present study of length retention. 
© deca’ Posner and Konick (1966) found 
Spy SY Over unfilled delay intervals for the 
did find the position of a circle on a line. They 
kinesth a decay over unfilled intervals for their 
di ARs location task, which was also more 
Thus for their Ss than was the visual task. 
Onve ifficulty may be a relevant variable in 

Verbal STM, 

found Ronken (1967) and Wickelgren (1969) 
Quate ^t an exponential function was an ade- 
theip” if not the best possible, description of 
the pr Orgetting curves; this is not true in 
cni experiment. Because practice ef- 
diua eliminated, the consistent improve- 
“annot performance from the 2- to 5-sec. delay 
= Dari © due to a more rapid improvement of 
This oe ability at one delay than at another. 
by rey, Ovement is similar to the effects seen 
Kep e] «US investigators with verbal (e.g. 
Verh, * Underwood, 1967) and with non- 
Material (Eriksen & Lappin, 1967; 

the nego” Posner, 1967). However, while 
oe Performan , 3 y poti 

Se, j Ce at 5 sec, is superior to tha 


Shoulq 
Further 
Ore a 


Ts, N every one of the six possible compari- 
ft " © Superiority is significant in only three. 
Weak ^ ds a reminiscence effect, it is relatively 
trouble "t a unitary theory of STM will have 


Cul tp even a weak effect. — 
thet to in, Y decay theory will also find it diffi- 
Sc Dregeng orate the TOE effects found in 
quie tear experiment and in Ronken’s (1967). 
ings Ort, °rmances with neither the longer nor 
reas: zt Comparison lengths improved with 

"8 delays, the classical TOE theory is 
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erroneous. However, because the TOE depends 
on a performance and not a response bias mea- 
sure in the present and in Ronken’s experi- 
ments, TOE effects might have to be theo- 
retically considered. However, the conditions 
necessary for the appearance of a TOE effect 
are unclear since neither Wickelgren (1969) 
nor Posner (1967) found any evidence for a 
TOE in pitch or in length judgments. 

Generalization effects appear to be quite simi- 
lar for length and for pitch (Wickelgren, 1969). 
In both cases, the gradients flatten with in- 
creasing delays (or with decreasing accuracy). 

Adding a longer-shorter decision to the same- 
different decision already required depresses the 
accuracy of the latter. Increasing the number 
of decisions to be made might increase the rate 
of decay, possibly by increasing the amount of 
information that the trace must carry to make 
both decisions possible. In verbal tasks, 
increasing the amount of information can in- 
crease the rate of forgetting (e.g. Merikle, 
1968). Increasing the number of decisions 
might also increase the decision time and 
thereby increase the delay interval. In partial 
support of this is the fact that most of the 
decrement from Part 1 to Part 2 was due to a 
decreased probability of a correct "same" re- 
sponse, which was also the main effect of 
increasing the delay from 1 to 2 sec. in both 
Parts 1 and 2. M 

In either case, it seems as if the decision 
process takes up "space" in STM, so that ac- 
curacy is decreased by additions to the decision 
process. Further indications that the de- 
cision process has dimensional properties come 
from the evidence for the separation of the two 
decisions. Success in the same-different de- 
cision does not adequately predict success in 
the longer-shorter decision, and there is sig- 
information in the second guesses for 
S. S. Also, Ss reported that they made the 
decisions separately. This corresponds to the 
evidence that Wickelgren (1969) and Dallet, 
Wilcox, and D'Andrea (1968) found for two 
separable decision processes. . 

Taken together, the present experiment and 
those cited previously provide evidence for 
multiple processes in STM for nonverbal mate- 
rial. The reminiscence and TOE effects can- 
not be handled by a single-process decay theory 
with any degree of simplicity. The perform- 
ances in the present experiment at 1 and 2 sec. 
differ both quantitatively and qualitatively from 
those at 5, 9, and 15 sec. S. S. and A. S. had 
similar TOE functions from the 5. to 15-sec. 
delay, but not from the 1- to 2-sec. delay. The 


nificant 
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detrimental effects of the longer-shorter de- 
cision are most marked at the l- and 2-sec. 
delays and are almost absent by the 5-sec. delay. 
However, since both types of responses have 
similar decay functions in Part 2, both decisions 
are probably subject to both types of decay 
processes. These results show that neither 
the short-term decay nor the recognition process 
are unitary phenomena when familiar nonverbal 
stimuli, differing on one dimension, are pre- 
sented singly to STM. 
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HIGH-SPEED SCANNING* 
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High-speed scanning of short-term memory was studied with a technique 


similar to that of Sternberg. 


The Ss were required to decide if any one of a 


set of memorized targets (t) was present in a set of briefly presented visual 


items (d), then make a binary response based on this decision. 
creases both in t and d. It was hypothesized 


earch process was involved, with each target 


this response was sensitive to in 
that an underlying serial-serial s 


item being compared to each display item in a one-to-one fashion. 


practice made this comparison process 


serial-serial nature. 

ou af the most important problems of 
trieya]. h memory (STM) is that of re- 
When it how is stored information found 
Some m required for output? There 1s 
that hy v Support for models of retrieval 
tents x hesize a search or scan of the con- 
Item of „a memory store when a particular 
information from such a store is re- 


qui 1 
erg (Atkinson & Shiffrin, 1967; Stern- 
tay, 08s Yntema & Trask, 1963). 


E (1966) found that when Ss 
Ss to decide whether a single vis- 
tizeq OWN digit was contained in a mea 
time Sequence of digits, mean reaction 
the ded for the decision increased with 
findin mber of digits in the sequence. This 
Cision”, suggests that the latency of the de- 
toe. eflects an internal serial comparison 
Pareg ^ 2 which the displayed digit is com- 


w : x 
ith each of the memorized digits, one 


Were 
tally 


X Thi 
rader s a was an MA thesis by the first author 
Dareh 4 direction of the second author. The 
thlatio Ni supported by Grants 164 from the 
484 Nations) e Health Foundation, APA 146 from 
d from E Research Council of Canada, and GB 
Byers weet National Science Foundation. The 
Or. haus uld like to thank members of the 
dua for Empire for their comments and Ron 
Sutalysis elp with computer programming à" 
ET Se s 
by Ors pom t to the preparation of this Pal 
bc Sierre aware of similar results reported 
the 8 verso TS "Scanning a Persisting Visual 
tign™eeting: s à Memorized List,” a paper read at 

h Boston of the Eastern Psychological Associa- 
R, quest; Ari 1967. 


per, the 


» Jr., Department of Psychology, nt 
Oronto, Toronto 5, Canada. 


Latency of 


Extended 
more rapid, but did not alter its 


ata time. Furthermore, the slope of the in- 
crease in RT with memorized sequence 
length was identical for both positive and 
negative responses. Since S must search 
through all digits in the memorized sequence 
before making a negative response, this 
equality of slopes suggests that S searches 
through the entire sequence on positive trials 
also. Sternberg calls this process serial ex- 
haustive scanning. 

An alternative search method might be a 
self-terminating search in which a response 
would be made as soon as a “match” is found 
or, if no match is found, after the entire set 
has been searched. For a set of s items with 
a “critical” or matching item randomly 
located in the set, a positive response can be 
made after searching through an average of 
(s + 1)/2 items. If there is no critical item, 
a negative response is made after searching 
through s items. Increases in set size s 
will have twice as much effect on negative 
responses as on positive responses, and the 
slopes, as 5 increases, should have a ratio of 
2:1 for negative and positive responses, 
respectively. 

Nickerson (1966) extended Sternberg's 
(1966) finding to the case where the num- 
ber of visually presented items, as well as 
the number of memory items, is varied and a 
positive response is required if the two sets 
have any elements in common. Nickerson 
found that RT increased with increases in 
the size of either set. Nickerson also found 
that prolonged practice could attenuate but 


not eliminate these effects. 
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Contradictory results have been reported 

by Neisser and his associates (Neisser, 
1963; Neisser, Novick, & Lazar, 1963) for 
experiments in which S searched through 
rows of visually presented characters until 
finding any of one or more memorized 
"target" items. Neisser found that with 
extended practice on the same set of targets, 
up to 10 different items can be searched for 
as rapidly as a single item. Neisser (1967) 
has argued for a comparison process that can 
become so efficient with practice that multi- 
ple memory targets can be tested for in 
parallel when searching a visual display. 
The Sternberg (1966) and Nickerson 
(1966) experiments, which found evidence 
for serial testing of memory items, dif- 
fered from Neisser’s in that the former tested 
Ss with a discrete trials procedure and 
penalized them for mistakes, whereas Neis- 
ser’s Ss scanned through a continuous dis- 
play and were encouraged to go as rapidly 
as possible with less explicit emphasis on 
accuracy. In addition, Neisser used “fixed” 
memory targets (same memorized sequence 
on each trial), while Nickerson used varied 
sets (different sequence on each trial). 
Sternberg has compared these two condi- 
tions under limited amounts of practice find- 
ing no difference, but the possibility exists 
that differences could turn up with greater 
amounts of practice. 

The purposes of the present experiment 
were: (a) to attempt to resolve the issue 
of serial vs. parallel tests for items in mem- 
ory using a discrete trials procedure, with 
errors controlled and extended practice, for 
both a “fixed” target and a “varied” target 
procedure; and (b) to examine in detail the 
processes involved in comparing several 
memory items with several visual items 
while looking for a match. It is possible that 
a set of visual items can be scanned in either 
a serial or parallel fashion and be selí-ter- 
minating or exhaustive and that these pro- 
cedures can change with practice, just as all 
of these possibilities exist for memory scan. 

Parallel processing is defined here as the 
capacity to handle multiple inputs as effi- 
ciently as single inputs. Invariance of RT 
with increasing number of items to be han- 
dled will be taken as evidence for parallel 
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processing. A serial process is defined in the 
present paper as any process that produces 
an increase in RT with increased load. . 
It should be noted that the present experi- 
ment cannot eliminate parallel-processins 
theories which postulate simultaneous pe 
parisons with rate of comparison depen¢ a 
on number of comparisons. The pres j 
issue is whether additional processing loa 


does or does not affect processing time. 


METHOD 


Subjects —The Ss were four female s 
psychology students from the Univers fo 
"Toronto. Each S was paid $1.50 per sess! 
participation in the experiment and n " 
informed of the purpose of the experimen 
completing all of the sessions. 2 in. 

Apparatus.—Stimuli were typed on ^ arouse! 
radio-mat slides and presented by à Kodak b on at 
600 projector equipped with a 500-w. bu igit 


-year 


opaque screen approximately 12 ft. iem = wides 
were approximately 3.2° high, and du ation 
"row" of digits was 13? wide. Exposure The 


was controlled by a Hunter interval men. ared 
luminance of the display was 90 ftl, 25 Te osu’ 
by a Spectra brightness spotmeter. "ame 
and postexposure fields were dark. Renee int 
was defined as the interval between the, ao o 
of the stimulus exposure and the initiatio f two 
response, which consisted of depressing ante 
push-button switches mounted in a horiz wert 
on a board resting in front of S. The ndaf 
measured to the nearest .01 sec. by a 
Electric timer. The Ss were instructs 
first finger of their left and right hands 
the buttons. r 
Procedure —On each trial, S was read 2 S given i 
1, 2, or 3 digits at a 40 digits/min rate bs a sii 
"ready" signal, and was presented E e 1 
containing a horizontal array of 3. 4, s prese o. 
for a 300-msec. duration. The slide W235 "rhe 
2 sec. after the last digit wee m 
were told to fixate at a pomt, i5"; 
center oí the exposure field, decide “J any jn the 
spoken "target" digits had been pes ES 
visual "display," and press a no or pem and on 
ingly. The Ss were informed that : display uid 
one target digit would appear in t digits Woes 
exactly 50% of the trials and no Los The i? 
be in the display on the remaining trials. at 
ial interval was 6 sec. ` ee 
For cach experimental session, pt 
lengths (1, 2, or 3 digits) were varie A digits) 
with four display lengths (3, 4 3, OF a ‘or s 
for positive and for negative Dr t engt” 7 x 
Yes-No X Target Length X iso giving 
bination there were eight replication” Ach Ss sens 
8X 3x 4, or 192 trials per session. (weekends 
in 15 consecutive daily sessions 
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cluded). Day 1 was considered practice for each 
and was excluded from the analysis. 
as Ss were divided into two experimental 
m ps of two each. For the varied-target group, 
selectis digits for each trial were randomly 
the 3 ites replacement from the set 0-9. For 
id 5s -target group, the same digit(s) were 
za ei cach target length condition throughout 
= ire 15 sessions. Thus an S in the fixed- 
Bet condition would be presented with the same 
» 5 or 3 digits whenever the target length was 


ee or 3. Furthermore, for each S in the fixed- 
wp in Sroup the multiple-digit targets were built 


It agn Simpler targets in the following manner: 
targat De up the one-digit target for a fixed- 
Other qi. the two-digit target was "8" and some 
of the GE and the three-digit target consisted 
he aed target plus one other digit. 

Condition trials involving the same target length 
S in ae run in a consecutive block for all 
target rs session. The order in which each 
fr ength block was run was varied randomly 


om Q * . 
lock, Son to session. Within each target length 
randomly. length and yes-no were ordered 
H i 


the wá display digits were selected randomly from 
-9 on each trial, subject to the constraints 
ue each Dositive trial, one display digit must 
Negative 4 been in the target and that for each 
! trial, the display digits and target digits 
S digits in common. For positive trials, the 
digit appeared in each possible serial posi- 


tion c2 
Of the target with equal probability and in each 


MEAN LATENCY IN MSEC. 
A^ 
o 
o 


Frc.1. Mea 
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possible serial position of the display with equal 
probability. Assignment of yes and no buttons 
was counterbalanced across handedness, and before 
every session each S was cautioned to be as accu- 
rate as possible. 

The design of the experiment was thus a seven- 
way factorial, 8X 2X 4X 3X 141 X 2X2, with the 
following factors: replications, yes-no, display 
length, target length, days, Ss, and fixed or variable 
target. The Ss were nested under fixed or vari- 
able target, and all other factors were completely 
crossed, 


RESULTS 


Since the main interest is in search pro- 
cesses under conditions of errorless perform- 
ance, scores for all trials on which errors 
were made were eliminated and replaced 
by mean latency for the remaining replica- 
tions under the same treatment conditions. 
No S made errors on more than 4% of the 
total trials, and group error rates ranged 
from 2% for the condition in which target 
length was 1 and display length was 3 to 7% 
for the condition in which target length was 
3 and display length was 6. 

The latencies were analyzed using a par- 
tially hierarchical classification (W iner, 
1962). There was no effect for replications 


o——o FIXED TARGET GROUP 


VARIED TARGET GROUP 


e----9 


T 8 


DAYS 


n latency of response as à function of da, 
and varied-target groups. 
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O EARLY (DAYS 1-5) 
SLOPE = 30.6 msec/item 


MIDDLE (DAYS 6-10) 
SLOPE = 12.3 msec/item 


Q 
Nem 11-14) 


SLOPE -8.4 msec/item 


5 6 
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Fic. 2. Mean latency of response as a function of display length for early, 
middle, and late stages of practice. 


(F <1) or any interactions involving repli- 
cations. "Therefore, data for all replications 
were combined, and the remaining analyses 
were based on means over replications. 

Effects of practice.—Figure 1 shows mean 
latency for all trials on each day for both 
the fixed-target and variable-target groups. 
Latency decreased with practice, as indicated 
by the days effect, F (13, 26) — 179, p 
< 01. 

This improvement is invariant over type 
of target: fixed vs. varied target was not 
significant, F < 1, and did not interact with 
days or any other factors. 

The absolute values of these latencies are 
somewhat lower than those for similar ex- 
periments reported in the literature. This 
appears to be due in part to some constant 
error of measurement introduced into the 
origin. Since the changes in latency over 
different conditions and therefore the rela- 
tive values of the latencies are of interest, 
this error of origin does not seem to be 
important. 

Figure 2 shows latency as a function of 
display lengths for early (Days 15), middle 
(Days 6-10), and late (Days 11-14) stages 


t 
of practice, with fixed- and varied-tar E^, 
groups combined. The straight lines „siot 
fitted by least squares, with linear regre? 
accounting for 9396 of the variance. 

Latency is a linear function O A 
length for all stages of practice, 25 show 6) 
Fig. 2 and the display length effect, F rend 
= 10.37, p < 01. The overall linear ^ ol, 
was significant, F (1, 6) = 28.8, p 
while the overall deviation from 
was not significant, F (2,6) = 247. 

The magnitude of this effect declines 
practice: the slopes are decreasing ?* 
Days X Display Length interaction i 
nificant, F (39, 78) = 54, p < 0! is 
practice effect seems to be due tO a 
crease in slope: extrapolations of ange 
fitted lines show no systematic pur erac. 
zero intercepts, and the only Ro F 
tion involving days is Yes-No Y "sse 
(13, 26) = 4.02, p < .01, which I5 2 affect: 
quence of the decreasing display dep? 
Yes-no and display length are inte 
dent in a manner indicated c = 

It appears that Ss serially 
play, cee faster as they become 


E is the 
ticed. Of particular importance ip 


with 
the 
sig 


The 


e di 
rac 
abe 
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c pi the Days X Target Length interac- 
targe (26, 52) = 1.56, p < 10; although 
tget length is significant, F (2, 4) = 41.6, 
beet Ol, practice does not attenuate the ef- 

T of memory load. 

e a length and display | length.— 
ad is sensitive to both target length and 
effects, fi ength, as indicated by the main 
mean | E these factors. Figure 3 shows 

Bus pes of response as a function of 
ed ength for each target length and 
tained ve DUE. The fitted lines were ob- 
aceountin least squares with linear regression 

or 3 for 92% of the variance. —— 
play A. Cases, latency increases with dis- 
Slope a m For each target length the 
Negative he function is twice as steep for the 

is fep s as it is for positive trials. 
teractio ing and the Display X Yes-No in- 
a serial.” F (3, 6) = 7.26, p < .05, suggest 

ss self-terminating scan of the display. 
(d), ise effect of increasing display lengths 
target — to be enhanced by increases in 

Teasin ength (f), as evidenced by the in- 
3 seria. Slopes for t = 1, 2, 3. This implies 

is Search of items in memory. 
h sensitivity to both target and display 
Comparisons a basic process of one-by-one 
tems e y between display and memory 
Dereq hough this conclusion must be tem- 
ar Y the nonsignificant Display Length 
287. ys Length interaction, F (6, 12) = 


lengt 


that ü Degative-positive differences imply 
"€ comparisons continue until either a 
have b found or all possible comparisons 
lifter Sen made, There are at least two 
and lis Orders in which items from target 
Compare Sequences might be selected for 
first q, SONS: (a) Display continuous. The 
first p Play item is compared in turn to the 
there j Bet item, second target item (i 
the pro One), etc., through the target. Then 
a it Cess is repeated with the second dis- 
` Bis s he process ends either when 
pen exh 1s made or all comparisons e 
quse Usted. It is “display continuous 
Met ee display item is compared to all 
One 1*8. Without interruptions for com- 
S involving other display items. (b) 

Continuous. The first memory 
compared to all display items, then 


atch is 


have 
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Fic. 3. Mean latency of response as a function 
of display length for each target length and posi- 
tive-negative condition. 


the second memory item is compared to the 
display, etc. 

Tf all such comparisons proceed in a 
forward order (ie. from presented first to 
presented last in memory and left to right 
in display), then for positive responses it 
should be possible to distinguish between the 
two hypotheses about scanning order on the 
basis of the effect of the position of the 
“critical” item in both the target and the 
display. 

If Hypothesis a is true, then RTs would 
tend to be shorter for positive trials where 
the critical item is first in both target and 
display, next shortest when the critical item 
is second in target and first in display (as- 
suming at least two targets), followed by 
third in target, first in display, first in target, 
second in display, etc. Hypothesis b pre- 
dicts a different rank order of latencies, e.g., 
second fastest responses to critical items first 
in target and second in display. Table 1 
shows Spearman rank-order correlations be- 
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TABLE 1 


SPEARMAN CORRELATION COEFFICIENTS BETWEEN 
RANK-ORDER LATENCIES FOR DISPLAY- 
CONTINUOUS AND TARGET- 
CONTINUOUS HYPOTHESES 
AND OBTAINED RANK 
ORDERS 


Ta 


Number of| Number of 
items in items in 


display (d) | target (1) | Display-Continuous AS 
Hypothesis a Hypothesis b 
3 2 —.030 .486 
3 3 .600* .600* 
4 2 .214 .690* 
4 3 .504 .346 
5 2 327 .269 
5 3 .469* 012** 
6 2 .492 .567* 
6 3 .228 .610** 
* 5 «.05. 
** 5 <01. 


tween rank orders of latencies predicted by 
each hypothesis and the obtained rank or- 
ders for the cases where ¢ = 2 and 3 and d 
= 3, 4, 5, and 6. Data are for the varied- 
set Ss only since target position has little 
meaning for the fixed-set Ss. The results, 
which are representative of both Ss, support 
the memory-continuous hypothesis. 


DiscussioN 


The results seem to favor a serial-serial 
scanning mechanism that is self-terminating in 
both the display and memory store. The first 
item in the target is compared to the first item 
in the display. Then it is compared to the 
second item in the display, to the third item 
in the display, etc., through the display. Then 
the second item in the target is compared to 
each item in the display, one at a time. If no 
match is found after all possible comparisons 
have been made, a “no” decision is made. If 
any match is found, scanning is terminated and 
a “yes” decision is made. If there are d items 
in the display and ¢ items in the target, S must 
make t X d comparisons on the negative trials. 
On positive trials, the number of comparisons 
that S must make before arriving at a decision 
is determined by the location of the critical item 
in both target and display. Since the location 
of the critical item in both target and display 
is random, each of the possible total number of 
comparisons, 1, 2, 3, .. , t Xd, is equally 
likely and the mean number of comparisons is 
[x d) 11/2. 
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With t constant, increases in d will have 
twice as great an effect on negative responses as 
on positive responses. With d constant, 10- 
creases in f should also affect the negative func- 
tions twice as much. The observed 2:1 ratio 
of negative to positive slopes at all values of t 
agrees with both requirements. ' 

Evidence against a serial-serial model is pro- 
vided by the nonsignificance of the Target i 
In addition, a serial mo B 
i3 dor t 


5 t 
1,2, 3, The observed changes in slope are ng 


: h s his 
this great. One possible explanation or i 
is that the process is, in fact, serial 17 sly, 
comparisons are not initiated simultaneo in 


but that different comparisons may overlap ^ 
time; some comparisons may be initiate 
others are finished. This would account f 
sensitivity of latency to number of items 1n. "ned 
ory (which a strictly parallel model as de lope 
here cannot do) and for the fact that $ 
changes are not as great as expected. _In 
Exhaustiveness and serial position effects al 
addition to the present experiment, 
studies have reported evidence contrary «y 
Sternberg’s (1966) exhaustive Scan “Stultz 
Norman (1966), Morin, DeRosa, and a RTs 
(1967), and Corballis (1967) all fin P 
for positive responses to be affected by the ping 
position in the memory set of the mate 
item; if a set is scanned exhaustively. tne fe 
tion of the critical item should have n? ainst 
Nickerson (1966) also found evidence % lays 
complete exhaustiveness for multiitem dE ex 
Why scanning of memory appears no jte” 
haustive under some circumstances but Sarthe 
minating under others is a topic on 
research, (1967 
The results obtained by Morin et al. nd 1€ 
and Corballis (1967) showed primacy mof, 
cency effects (shorter latencies for ™ iddle 


items presented first and last than for moines 


ciepaney may be justifable in mSS 
cedural differences; the other see 
shorter warning intervals (less than Stems may 
which some sensory trace of the last lé 1967: 
still be available (cf. Posner & 2 may ps 
Sperling, 1960). The sensory soe itself $ 
checked first before the memory stor ding may, 
searched. In addition, order of ee relate? 
be affected by strategy considerati? whe 
to the number in memory to be scant No ma” í 
STM is overloaded with items, 25 ie Ld 
(1966) study using 15-item lists, 2 


g 
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eoe d the most recently presented items first, 
maximi fir sensory trace is still available, may 
check at the number of items that can be 
the ed before they are lost from memory. In 
is ibi study, the number of memory items 
scanned „enough so that all items could be 
$m in a forward order without any loss 
dene oe Scanning order may indeed 
Warnin On parameters such as set size and 
ng interval. 

the eiu Processing, parallel processing, and 
several A, of practice.—The results agree with 
On the ndings that processing time depends 
Varied number of items in memory when a 
plan C is used (Kaplan & Carvellas, 1965; 

1966; St arvellas, & Metlay, 1966; Nickerson, 
ndin maneg, 1966) and with Nickerson’s 
effect E practice does not eliminate this 
finding ü he results corroborate Sternberg's 
lepend Nat the memory load effect does not 
cedure Ed Whether a varied- or fixed-set pro- 
ing hold used. More importantly, this last find- 
This st S up under very extensive practice. 
Tesults ands in almost direct opposition to the 
foung „` SPorted by Neisser et al. (1963), who 
simultane, Several targets could be searched for 
Counted Um This discrepancy might be ac- 
Performan. by the strict demands placed on S's 
Possible Pi in the present experiment. It is 
Phasis on Neisser's technique of placing em- 
whai Speed rather than accuracy and using 

fail t loose controls may have resulted in a 
gh s find effects of target length which, 
pear wall, did in fact exist. What may 


“Xtreme, € a parallel process may in fact be an 
i Ext; rapid serial process. 
toma cuon of information from STM and 


ph [sea display appear to be similar in that 
the inie Some sort of serial scan, given 
hat incre lon of serial as an increase in R 
We ver Case in load, The two processes do, 
tly > ADDear to be affected somewhat differ- 
aa iq Practice. Scanning of STM appears to 
in ^, in that as long as several items are 
in ected pma, each one is retrieved or 
in Starch 1 ne at a time. The crucial factor 
oye Med} Oad seems to be the number of items 
“Hearn ate memory, regardless of how well 
"d each item is, As long as an item 
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exists in immediate memory as a possible 
target, it must be scanned, at the expense of 
some unit of time. The fact that such an item 
may also be represented in a long-term memory 
store does not eliminate this requirement. 
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Each oí 803 Ss was required to learn a sequence of 3, 5, or 7 CVCs in one 
presentation. A group testing procedure was employed in which S recalled 
the first, middle, or last item in the list after either 0, 15, or 30 sec. Results 
revealed statistically significant effects associated with list length and 


serial position. 


No significant effects were associated with interval. 


The 


data were interpreted as suggesting that memory loss over interval does not 
appear unless S experiences a series of trials. 


It is now a fairly well-established fact that 
the amount of memory loss in a short-term 
memory (STM) experiment can be a func- 
tion of the ordinal position of the trial on 
which such loss is studied (Keppel & Un- 
derwood, 1962; Loess, 1964; Wickens, 
Born, & Allen, 1963). That is, retention 
when studied on the nth trial is not inde- 
pendent of previous tests and must be 
considered different from retention as studied 
on previous trials. Thus, the classic STM 
procedure of Peterson and Peterson (1959), 
which at the time seemed a minimal memory 
experiment, must be looked upon as a series 
of individual tests with changes occurring as 
a function of the ordinal position of those 
tests. It would follow then that some of 
the important findings in STM experiments 
can be obscured by a procedure which sums 
the data from many memory test trials. 

Keppel (1965) and Schumsky, Grasha, 
Eimer, and Trinder (1967) argued that one 
test of a simple trace decay notion must in- 
volve a truly minimal memory experiment. 
This experiment must be a one-trial, single 
test of STM. In the Schumsky et al. ex- 
periment, Ss were presented a single list of 
five items, one item at a time, and then recall 
was tested after 0, 15, or 30 sec. The Ss 


1This research was reported at the mecting of 
the Psychonomic Society, St. Louis, November 
1968. 

2 Requests for reprints should be sent to Donald 
A. Schumsky, Department of Psychology, Univer- 
sity of Cincinnati, Cincinnati, Ohio 45221. 

3 Now at the Staff and Faculty Building, United 
States Army Artillery and Missile School, Ft. Sill, 
Oklahoma. 

4 Now at Wake Forest University. 


were given one and only one trial and, at 
the end of the retention interval, we? 
asked to recall either the first, third, OT fifth 
syllable in the list. The results of that ex- 


periment revealed a significant effect 3577 
ciated only with serial position. No Mon 
n 


cant memory loss over the 30-sec. rete ^ 
interval was obtained in that experimen 
Schumsky et al. argued that their wt y 
offered no suggestion of trace decay- b^ 
suggested that for a trace decay notion to it 
consonant with the findings of their apie 
ment, either trace decay must necessarily 
a result of an overload in the STM we 
system due to increased stimulus length, m 
the decay process must in some way be s 
motion after some sort of proactive punc 
TThe present experiment is an attempt tp ry- 
plore the effects of storage overload bY iut 
ing list length in a single-trial-single" 
experiment. 


METHOD 


Experimental design.—The Ss were n 
graduate students at the University of 3x3 
The basic design of the experiment was 2 or / 
factorial varying list length (either 3 ither 0 
Glaze high-M CVCs), retention interv@ s ite 
15, or 30 sec.), and serial position O st ite 
cued at recall (either the first, middle, Of ue al d€ 
Three replications of this basic experime ancing 
sign were performed to allow for counter 
of specific test syllable over test position ple ha 
by the end of the experiment, each SY 


1 
a 
been tested at each test position. The on i m 
items were used in each list, with varia at g fish 
filler items providing variation in the pe pro 
The experiment employed a group e d mbi 
cedure. Each group run represented o vu 
tion of list length and retention interva (s 


ae ritten © 
of the three replications. Use of a W rit 
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RECALL 
Pigi. 


the " 
to ba lowing section) allowed all serial positions 
r ested at once, 
al tem After being seated in the experi- 
down, a A S was given a sheet of paper, face 
Printed, Pru rows of random letters were 
rectangle ZEE the bottom of this page was a small 
Dled ay which S$ was to write his response. 
Sheet of O the back of this sheet was another 
Was wri paper, folded so that S could not see what 
r recall, n On it, This paper contained S’s cue 
» the 
N an = Were told that they were taking part 
p, Cen pi. mene designed to study their ability to 
determi. and that this ability would be assessed 
as how well they could check vowels 
o m strings of letters while being re- 
at (“member something else. They were 
ented bs list of nonsense syllables would be 
S items a at a time. They were to memorize 
of ing t in order, and after a period of vowel 
the list Ny would be asked to write all or part 


imu; 
tim Fam te presented visually, via an externally 
"reg, Sach Kodak Carousel projector, one at a 
Th” a for 2 sec. A slide with the word 
= Was feared on the wall to start the trial. 
li? ollowed immediately by the list of either 
Cs, Following the last CVC was a 
This was S’s signal to timove 
3 and start checking vowe's 
S epriaee d s accurately as possible." After the 
retention interval, Æ commanded $ 
€cking vowels, For the 0-sec. retention 
{Coy ly S, the command “stop” was given simul- 
With presentation of the dots. At this 
ned over his sheet and unfolded the page 
© Which indicated that he was to write 
"St, middle, or last syllable. He then 


icy. of paper 


INTERVAL (sec) 


Percentage of recall of first (F), middle (M), or last (L) stimulus for each 
of three list lengths as a function of retention interval. 


turned back to the front of his sheet and wrote 
his recall. 


RESULTS 


The main findings of the present experi- 
ment are presented in Fig. 1 as the percent- 
age of correct recall for each of the serial 
positions tested (F indicates recall of the 
first, M the middle, and L the last serial 
position) as a function of list length (3, 5, 
or 7) and retention interval (0, 15, or 30 
sec.). Due to the group testing procedure, 
the points of Fig. 1 are based on different 
numbers of Ss ranging from a low of 20 to 
a high of 42. 

For purposes of statistical analysis, each of 
the 81 cells in the design (3 replications of 
the 3x 3x 3 design) were treated as a 
single data point. This procedure solved 
the problem of unequal » in the cells and pro- 
vided a more conservative analysis based on 
only 80 df. Thus, it must be noted that the 
universe of discourse, for purposes of in- 
ference, has been changed from S' to groups. 
The percentage of correct recall for each of 
the groups was subjected to an analysis of 
variance after arc sin transformation. 

As can be seen from Fig. 1, there is little 
evidence of any retention loss over the 30- 
sec. retention interval for any combination 
of serial position and list length. This gen- 
eralization is strongly supported by the 
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Fic. 2. Percentage of recall of first (F), middle 
(M), or last (L) serial position as a function of 
list length. 


analysis of variance, where no mean square 
associated with the interval variable showed 
statistical significance (all F's $1.00). On 
the other hand, rather strong effects of both 
serial position and list length are evident, as 
can be seen from Fig. 1. There is an in- 
creasing degree of primacy as a function of 
list length. In addition, it is interesting to 
note that as list length increases, the perform- 
ance gap between the first and middle stimu- 
lus in recall increases and the gap between 
the middle and the last stimulus seems to 
disappear. The effects of serial position, F 
(2, 54) — 23.85, p « .001, list length, F (2, 
54) = 18.98, p< .001, and their interaction, 
F (4, 54) = 2.65, p < .05, were all signifi- 
cant. 

Figure 2 presents the relationship between 
list length and recall summed over all reten- 
tion intervals. It will be remembered that 
this was the only statistically significant in- 
teraction in the analysis of variance. Figure 
2 provides rather strong demonstration of 
the increasing primacy with increases in list 
length. The effects of increased list length 
are most sharply seen m changes in recall of 
the middle position. The middle item when 
recalled as third item in a five-item list is 
not recalled as well as the last item of a 
three-item list. When recalled fourth in a 


seven-item list, the middle item is not re- 
called as well as the fifth item in a five-item 
list. In the seven-item list, the middle item 
is recalled no better than the last item despite 
the fact that its ordinal position is subspan 
(Position 4) vs. the superspan position of 
the last item (seventh). One possibility 1$ 
that Ss were confused at recall by failing to 
remember exactly which item was the middle 
one. If this were true, one would expect 
more intralist intrusions at the middle than 
at the end positions, particularly as list length 
increases. Error analysis revealed that by 
far the greater number of intrusions were 
intralist intrusions (over 90%). Although 
the percentage of intralist intrusions did in- 
crease with list length, this was not differ- 
ential by serial position, Thus the error 
analysis fails to support a notion of confusion 
of position for the middle item. Unfor- 
tunately, these findings are also not b» 
nant with a view explaining the reduction ! 
recall of the middle position as a result e 
greater possibilities of bidirectional associ 
tional interference. 


DISCUSSION 


The results of the present experiment arh 
strong agreement with the results of the m- 
sky et al. (1967). . thi 
ciated with retention interval was found in © 
or the previous experiment. Variables a ot 
recall are the traditional variables ed 
length and serial position. It would oe a 
that even increasing list length to seven d "in 
value beyond the span for CVCs, res "a In 
no retention loss over retention interva: sort 
a one-trial-one-test experiment of b © eads 
reported here, retention interval per "E 
to no significant memory loss and offe TM. 
support for a trace decay view at wi 


This generalization seems to be conson? 
S he literat 


ni 


the reports from other studies in t * 
reporting one-trial data (Goggin, 1966; 1965) 
& Underwood, 1962; Rohrman & Jahnke, 1967): 
In a previous study (Schumsky s the find- 
some concern about the generality of stigato'? 
ings was indicated because the inve y other 
were unable to find in the literature any qure 
studies employing a similar recall PFO" pave 
Since the publication of that paper, E 
appeared in the literature à few v prese 
employing a procedure involving t 


LIST LENGTH AND SINGLE-TRIAL STM 


d ia and cueing for recall out of that 
oberen serial position (Murdock, 1968; 
the data of t Murdock, 1968). Unfortunately, 
all consona the present experiment are not at 
point of po with these reports. The strongest 
effect not ae is the extreme recency 
Ose ex eo in those experiments. In each of 
are sum de pem reports, the data presented 
Tecenc f over many trials. The degree of 
vel ee vi in such experiments may very 
Summ € been a function of the number of trials 
ed. 

studies apport is offered for the finding, from 
lon es free recall, that an interpolated reten- 
at the e "m leads to differentially greater loss 
t unit than the beginning of a list (Glanzer 
his elis, Ih; Postman & Phillips, 1965). 
cightened ed Glanzer and Cunitz to attribute 
action of recency effects in free recall to the 
Pointeg an STM store. Glanzer and Cunitz 
NOt be eS that such recency effects should 
recall an peren in studies employing ordered 
and las. Such recall forces a necessary delay 
Ure to ds items from an STM store. The fail- 
an Sid the effect therefore may be due to 
Create asis on order in the present experiment 
n the y employing an ordinal cue for recall. 
T other hand, as pointed out previously, 
Published studies employing an ordinal 
fiep Ue for recall do find pronounced recency 
i n addition, more recent research has 
“en that delayed recall will produce re- 
OSses in ordered recall experiments 
1969; Jahnke, 1968). These studies 
E ata over multiple recall trials as did 
ues Cunitz. Postman and Phillips 
se, tt@ considering ordinal test position. 
fiec so tors compare the differential retention 
» a each list half over the testing sequence 
hei; iu tests vs, last three tests of six). 
d tecenes | Suggest an increase in the degree 
in tes, S, O88 as a function of ordinal ng ie 
eee of Shave Tis imminently possible that “4 E 
q these ES Tecency effects as well as the loss 
wires the ects Over a retention interval re- 
als Summing of an extended sequence of 
the very least, more than one trial 

1 M ) j 
A no clusion, the data of the present study 
Rts idence of memory loss as a function 
ion etal In addition, no evidence 
1s Length x Interval interaction 1S 
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apparent. In reviewing the literature, it seems 
that evidence for “trace decay,” loss of retention 
related to interval per se, requires an experi- 
ment employing a sequence of memory tests. 
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DEVELOPMENTAL STUDY OF PERFORMANCE ON 
CONCEPTUAL PROBLEMS INVOLVING 
A RULE SHIFT* 


DONALD E. GUY? 
Wells College 


In a conceptual rule learning task, four age levels (6, 7, 9 yr., and adult) 
attained a preshift solution, at which time each S was shifted to either a 
complemental (C) or noncomplemental (NC) rule. A C shift is analogous 
to a reversal (R) shift, requiring S to reverse all class assignments, while 
the NC shift is analogous to a nonreversal (NR) shift, requiring S to 


change only some of the stimulus category assignments. 


The relative 


performance levels on C and NC shifts paralleled those observed in earlier 


studies of R and NR shifts. 


Specifically, all Ss except the 6-yr.-olds 


reached a higher level of performance on the C shift relative to the NC shift. 


The 6-yr.-olds found the C shift more difficult than the NC shift. 


The 


results show the comparability of developmental trends obtained in the two 


shift paradigms (C-NC and R-NR). 


Any concept consists of two separable 
components: the relevant stimulus attributes 
and the rule specifying a relationship be- 
tween the attributes. Most studies of con- 
ceptual behavior have dealt with attribute 
identification (AI), wherein the rule has 
constituted a given condition of the problem 
and S is required to discover the relevant at- 
tributes. There are, in contrast, only a few 
studies of the rule learning (RL) aspect of 
conceptual behavior, wherein the relevant 
attributes are known and the rule relating 
them must be discovered. 

Evidence was reported by Haygood and 
Bourne (1965) that certain Ss develop a 
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providing Ss for the study. 

2 Requests for reprints should be sent to Donald 
E. Guy, who is now at Central Washington State 
College, Department of Psychology, Ellensburg, 
Washington 98926. 


stimulus coding strategy in the course of 
solving several RL problems. This strategy z 
which collapses the entire stimulus pom 
tion according to whether relevant attribu 
are present (T) or absent (F), red 
difficulty associated with learning 276, — qs 
various rules. Four resulting stimu 2 
classes resemble the truth table of logic: ^. 
stimulus patterns embodying both (TT): o 
first but not the second (TF), the one) 
but not the first (FT), and neither $ 
relevant attribute. In RL problems, so 
learns to assign these four classes 
categories, positive or negative instance 
the concept. Thus the strategy converts ed- 


^ Ae ir 
problems into an almost trivial 2 p? 
associate task. $ 
: " r plem 
Performance in solution shift PT? I 


has been the object of study in mm att 
experiments. Reversal (R) and atio” 
versal (NR) are two basic types of pu. 
shifts. The R shift requires S tO learned 
the attribute category assignments due 

initially, while the NR shift intro m 
different relevant dimension. For ot to 
S’s task on the initial problem migh' 
sort red stimuli into Category A an ait re 
stimuli into Category B. At the R i to red 
sponse assignments would be enari gory A 
into Category B and green into Ca! 4 cha 
In contrast, the NR shift involves ? 
in dimensions, eg. from the sam 
solution to square into Category 
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ps Category B. It is often reported 
shifts f shifts are more difficult than NR 
child, or naive infrahuman RE and preverbal 
tend tok but that older children and adults 
adifts . x the R shift easier. Even though 
m Solve both types of shifts more rapidly 
of Hec children, an opposite ordering 
often dian for older and younger Ss 
pro a tains. Kendler and Kendler (1962) 
eme that verbal mediational processes 
D for the better performance of older 
Son R shifts, 

vestis Present experiment is the first to in- 
invoki e performance on shift problems 
ulus pu à change of rules rather than stim- 
studied ributes. Two types of shifts were 
tributes In both, the relevant stimulus at- 
temai Were named for S at the outset and 
sis the same during both the preshift 
Som op tape phases of the learning task. 
5 were shifted from one rule to its 


Com : i 
ot Bement (ie, mirror image), while 
Tule Were shifted to a noncomplementary 


analogo he complemental (C) rule shift is 
a com ES to the R shift in AI, for it involves 
Dorise. ete reversal of stimulus class to re- 

emental Sor assignments. The noncom- 
NR shif (NC) shift is analogous to the 
initia aat because only some portion of the 
9E the *Siguments are changed, i.e., only two 
assigned C Ses of the truth table are 
"stances as either positive or negative 
igne 9n this analogy with AI tasks, it 
NO NG expected that C shifts will be easier 
for yopo Shifts for adults but more difficult 
“ng children, To explore this possi- 


TABLE 1 


243 


bility, C and NC shifts were administered to 
Ss of four different ages in the present study. 


METHOD 


Subjccis and design.—One hundred sixty Ss par- 
ticipated in the experiment: 48 kindergarten chil- 
dren, 32 first graders, 32 third graders, and 48 
college students 18-30 yr. of age. The mean ages 
for the three groups of children were 6.0, 7.0, and 
9.0 yr., respectively. All of the children participat- 
ing in the experiment were from the Boulder Val- 
ley school district, Colorado State, with the excep- 
tion of 16 kindergarten children from the Southern 
Cayuga school district in New York State. The 
adults were students from the University of Colo- 
rado, with the exception of 16 students from Wells 
College. The 32 additional Ss from New York (16 
kindergarten and 16 adult) were run as a reliability 
check to the original data. The experimental 
design was a 2X 4X 2X 4 factorial consisting of 
two different problems, i.e, different pairs of rele- 
vant attributes, four ages, two types of rule shifts, 
ie, C and NC, and four different rules. The 
rules selected were conjunction and inclusive dis- 
junction and their respective complements, alterna- 
tive denial and joint denial. The manner in which 
these rules assign stimulus classes to response 
categories is shown in Table 1. The eight rule 
shift conditions used in the study are given in 
Table 2. uu > 

Materials and apparatus.—The stimuli consisted 
of geometric patterns, prepared on 3 X 5 in. cards, 
which varied along two dimensions with three 
levels per dimension. Dimensions and their values 
were: form (square, triangle, and circle) and 
color (red, yellow, and blue). Forty cards were 
arranged in a predetermined order allowing for 
the basic deck of nine paterns to be repeated 
several times. This procedure served to eliminate 
interruptions and insured that the four stimulus 
contingencies (TT, TF, FT, and FF) were 
equally represented in all tasks. The S was seated 
at a table facing E. A divider was used to prevent 
S from viewing the decks of cards needed for the 


NSE CATEGORIES (+ AND —) 


E RESPO: 
LUS casa ki THE EXPERIMENT 


ASSIGNy TNT — 
GNMENTS OF STIMU! S S 
~N UNDER THE Four RULES USED IN 


" =!" Rule 
‘muy 
Us F ive di 
“lass |Generalnotation| ^ Stimulusset po3XE Inclusive dis- | Joint denlal 
Rs + - x = 
RŠ TT RS gs + 3 = 
Rs TF RTr, RC E + + m 
RS FT Ys, v^ E + - + 
FF YTr, 
E BTr, BC 
Ste = red; Y = yellow;B = blue;S = square; Tr = triangle; C = circle, 


5 true (or present) ;F = false (or absent);R 
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TABLE 2 
Eicur RULE SHIFT CONDITIONS 


Preshift problem Postshift problem 


Alternative denial iC 


Conjunction Joint denial NC 
Dis} : Joint denial [o 
isjunction ‘Alternative denial | NC 
" T Conjunction c 
Alternative denial Disjunction NC 
5 " Disjunction c 
Joint denial Conjunction NC 


rule shift. Upon solution of the preshift problem, E 
would begin a new deck for the C or NC shift. A 
total of five decks (40 cards in each) were arranged 
for E to present. Two small cardboard boxes 
with slots were used as Categories A and B. 
Presentation of the stimulus patterns and record- 
ing of responses were performed manually. 

Task and procedure—Each S was required to 
sort a series of visually presented stimuli into two 
categories, the positive and the negative instances of 
a concept. The correct classification in any prob- 
lem was determined both by a pair of relevant 
attributes (one from each of the two dimensions) 
and by a conceptual rule specifying the relation- 
ship between the attributes. Two such problems 
(with the same relevant attributes but different 
rules) were administered without interruption. 

Pretraining—All Ss were pretrained in the 
“truth table" strategy. Detailed oral instructions 
described the stimulus population, and each S 
was required to verbalize whether the relevant 
(given) attributes were present or absent in each 
pattern that was categorized. The 6-, 7-, and 
9-yr.-old groups were told that they were going to 
play a game. They were to pretend that the cards 
had a first and a last name, color being the first 
and form the last name. Thus, a card might be 
named "yellow circle." A small open box with 
four panels (2 X 2) was used to allow Ss to sort 20 
patterns into the proper stimulus contingencies 
(TT, TF, FT, and FF). The pretraining for the 
6-yr-olds consisted of verbalization training only, 
and the procedure was modified in an attempt to 
reduce the difficulty of the task for the six-yr.-old 
Ss. In particular, only two levels of the two 
dimensions were used (red and yellow for color, 
and circle and squares for form). Moreover, the 
same attributes used in S's pretraining task were 
used for his rule transfer problem. ^ Each child 
practiced “naming,” ie, whether both attributes 
were present or absent for 20 patterns, prior to the 
experiment proper. Each panel was labeled ac- 
cording to whether the first or second attribute was 
present or absent. For example, if S was required 
to sort stimuli according to the relevant attributes 
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“yellow circle" and was confronted with a yellow 
square, he would say, "yellow, not circle," and 
place it in the TF category marked “yellow only. 
One pretraining problem was used. 

The next phase of the pretraining for all but 
the 6-yr.-old Ss demonstrated how the four con- 
tingencies could be collapsed to two categories, 
positive or negative instances. Two unlabeled 
boxes (categories) were displayed and a two-cate- 
gory sorting procedure was illustrated using bot 
conditional and biconditional rules (see Haygoo 
& Bourne, 1965) in order to avoid direct pracy 
on rules used in the experiment proper. The cone a 
tional rule is verbalized “if X then XC gue. 
implies that a stimulus that is X but not Ys es 
an example of the concept; all others are. In ot in 
words the contingencies TT, FT, and FF, ari 
positive, and TF is negative. The biconditiona 
rule is stated “X if and only if Y," which anean 
that a stimulus must have both X and Y or E 
X nor Y in order to be an example of the conce" 
The contingencies TT and FF are positive, w he 
TF and FT are negative. Without naming d 
rule, E showed S how the four classes he ha ue: 
sorted could be placed into Category A ane, to 
gory B. The S then sorted 10 cards according ds 
the conditional rule and the remaining 5 
according to the biconditional rule with & 
ing S as necessary. When E was certa! 
understood the truth table collapsing scheme, 
main phase of the experiment began. timu- 

Rule transfer.—The Ss were told that on? sis 
lus pattern at a time would be shown to pad 
that their task was to place it correctly |? on 
the two boxes. The relevant attributes were r 
for S (either “red, square” for Problem Es 
"blue, triangle" for Problem B) and left eo 
throughout the experiment. The kinders* 
children had “yellow, circle" for Problem ^- d be 
Ss were further instructed that they WE and 
told right or wrong by E for cach respon eceiv® 
that for every correct response they wow uld trade 


a marble. Children were told that they ME pending 
the marbles in for one, two, or three toys h from 
on how well they did. Each toy was wor? eud 


30¢ to 50¢. The adults were told that dela but 
was concerned with using marbles as fee n 
they could win $1, $2, or $3 depending o of the 
performance. Each S was assigned tO oF e 
eight rule transfer conditions. When ie EU 
of solution for the problem was reache à 
secutively correct trials), the solution wet comple" 
to a new rule, either a complement or a no attert? 
ment. Performance continued unti 

were correctly identified in succession. 


RESULTS rors 
4 € 
Analyses of variance performed 9^ oble 
and trials to solution of the ces as 58 
indicated that only the age rud án 
nificant, F (3, 144) = 7.3 for tr^ 
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Fic. 1. Mean number of trials to 5 


age and the type o: 


for e 

for he TS, p < 01. Mean trials to criterion 
20, d Preshift problem were 28.0, 25.8, 
adul a 9.4 for ages of 6, 7, 9 YT» and 
noti SPectively, This result supports the 
Skill ea increasing levels of conceptual 
™Mplies 2. the ages from 6 yr. to adult and 
i entier So that groups, otherwise treated 
eve ^ Performed at essentially the same 


M ' 
Problem trials to solution on the postshift 
the Ype are plotted as a function of age and 
Was ea : of rule shift in Fig. 1. The C shift 
Youn, et than the NC shift for all but the 
d these age group. Analyses of variance 
dife € data confirmed the reliability of this 
S The shift variable (C vs- 
0 a, 1528 ficant Fs for trials and errors, 
a res”) = 9.22 and 402, $ < 01 and 
le, p Pectively, The age effect was reli- 
S org) 152) = 12.65 (trials) and 10.35 
hift p% P <.01. The Age X Type of 
Sraction also yielded significant Fs 


7 
AGE GROUP 


olution in the postshift problem as a function of 
f shift required in the postshift. 


9 A 


for trials and errors, F (3, 152) — 3.60 and 
4.67, p's < .05, respectively. There were no 
reliable differences either between problems 
(A or B), rules at each of the four age 
levels, or sets of complemental rules (con- 
junctive and alternative denial vs. disjunctive 
and joint denial). The Ss from the two 
geographical locations yielded comparable 
data, as evidenced by the similarity in mean 
trials to solution (11.3 and 8.0 for adults and 
30.6 and 31.5 for 6-yr.-olds from Colorado 
and New York, respectively) for both C 
and NC shifts averaged together. 

Kendler and Kendler (1962) have re- 
ported that those Ss who reach solution more 
rapidly in an initial problem tend to solve R 
shifts more easily than NR shifts. In 
order to determine whether Ss in the pres- 
ent experiment differed on the postshift 
problem as a function of preshift perform- 
ance, Ss were divided into subgroups at the 


median error score on the initial problem 
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ABOVE 


6 T 9 A 
AGE GROUP 
25 BELOW 
e e C Shift 
» e—-— —e NC Shift 


MEAN ERRORS TO SOLUTION 


T 


AGE GROUP 


Fic. 2. Mean errors to solution in the postshift problem for Ss above and 
below the preshift error median. 


within each shift condition (C vs. NC). 
Figure 2 illustrates that for the "better" Ss 
(those below the preshift error median), a C 
shift is noticeably easier than the NC shift 
for all but the 6-yr.-olds, who demonstrated 
almost equal difficulty with both shifts. On 


PP F 
the other hand, the "poorer 6-yr- with the 
peared to have much more difficulty Be of 
C type of shift, giving mean error type? 
19.25 and 10.83 for the C and ance 
respectively. The analysis of var ation 


formed on postshift errors to $ 
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D above and below the preshift median 
E that age and type-of-shift effects 
E significant at the .05 and .01 levels, 
5» ectively, The above-below median ef- 
was unreliable, but the Age X Above- 
E Median interaction was significant, F 
;84) = 5.55, p < 05. The Type of Shift 
Age interaction as well as the third-order 
bove-Below Median x Type of Shift X 
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Age interaction were reliable, F (3, 144) = 
41.20 and 30.43, p’s < .01, respectively. The 
Above-Below Median x Age interaction 
was unreliable. Six-yr.-old Ss performing 
above the preshift median did reliably better 
on the NC shift than the C shift, ¢ (22) = 
2.91, p « 0l. There was also a significant 
difference on the C shift between means for 
6-yr.-old Ss above and below the preshift 


C Shift 


6 T 8 10 
PROBLEM 2 


aono 6 yr olds 
e—4—e 7 yr olds 
e——-—e 9 yr. olds 
e——-e Adults 


5 
L NUMBER IN PROBLEM 2 


es are averaged for each age group. 
propriate number of Ss for each 
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median, ¢ (22) = 223, p < .05. "These re- 
sults demonstrate a C-NC inversion of diffi- 
culty for younger Ss of poorer conceptual 
ability. 

To determine whether learning the as- 
signment of certain stimulus contingencies 
to response categories occurred more rapidly 
than others, computations on postshift data 
were performed on (a) the mean number of 
examples of each class presented prior to S’s 
last error on that class, (b) the mean number 
of errors for each class, and (c) the probabil- 
ity of an error on each class (the ratio of b 
to a). Perhaps the most striking feature of 
these analyses was the comparison of the 
four contingencies between the two types of 
shifts. Twice as many errors were made 
on all classes for the NC shift relative to the 
C shift for all but the 6-yr.-olds. However, 
the probability of an error on any class (the 
average of all four classes) was nearly the 
same, .54 and .49 for C and NC shifts, 
respectively. 

The fact that 26 out of 48 adult Ss solved 
the postshift problem in the minimal number 
of trials (number of trials to present one 
example of each class) suggests that they 
learned to use the truth table principle more 
quickly than children. In contrast, only 3 
out of 48 6-yr.-olds, 3 out of 32 7-yr.-olds, 
and 5 out of 32 9-yr.-olds solved the post- 
shift problem in the minimum number of 
trials. If S has some natural tendency to 
reverse, C-shift Ss might make only one 
error in the postshift problem. The NC Ss, 
on the other hand, might be expected to 
need to see one example of each of the four 
contingencies. In the C-shift conditions, 10 
out of 24 adults solved the postshift problem 
after making one error. Of the 10 Ss who 
solved the NC postshift problem with four 
errors or less, 6 were also adults. Of the 
26 adults solving the postshift problem with 
four errors or less, 20 had the C shift. This 
evidence might be taken to suggest that 
adults have both better developed conceptual 
skills and a stronger tendency to reverse than 
do children. 

Learning curves for the various classes 
of stimuli were plotted separately for the 
two types of shifts by adding errors on the 
TF and FT classes and on the TT and FF 
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classes. These pairs of classes were com- 
bined in constructing curves because the 
and FT classes in the NC shift and TT and 
FF classes in both shifts were assigned to 
the same categories. A crucial difference be- 
tween adults and children is illustrated in 
Fig. 3 for the NC shift on the TF and F : 
classes. For all Ss the category assignmen 
of these instances remained the same e 
bath problems. (TT, PE, FT, TE wast 
sequence of stimuli on the first four por 
shift trials for all Ss.) The first trial sed 
which S encountered an unchanged ier 
was Trial 3 (FT) after the NC shift. arn 
Fig. 3 it is clear that adults took the fir 
two trials, which infirm their Problem, s 
solutions, as a cue to reverse all categori 
since 67% of the adult Ss made an error ^. 
Trial 3; only 29% of the children made of 
error on this trial. A Z test comparing E 
two percentages was significant, Be FT, 
p « O01. After the initial error on the ^ v 
however, the reversal tendency was T° uF 
and by the fifth time either an ^ Qu 
class appeared, only 496 of the adults oe 
an error. Children made 20-3076 S aen 
the first four times these classes appr ally 
and their error rate dropped only £7? 
thereafter. ses for 

Both C and NC shift learning eiie dis 
TT and FF instances showed a marke“ qe 
crepancy between children and adults ined 
early performance trials. Adults peni of 
around 54% errors on the second ind 
both shifts, while children obtaine ium 
84% errors. A rapid drop in Lum 
curred for the adults (to 6%) by the while 
presentation of the TT and FF ¢ Bess 
the 6- and 7-yr.-olds dropped only t? 
and reduced their subsequent perce” owly 
errors on these classes relatively 
Nine-yr.-olds, on the other hand, beg" d f? 
80% errors on both shifts and 
13% on the third trial of the 
only to 5096 on the third trial o 
shift. 

Evidence from the remainder of n 
ing curves supports the notion that clé y €? 
problem, adults attempt more p E 
reverse the response categories that ons fot 
(instead of attempting new associa 
all four classes). 


anm 
the ift 


DEVELOPMENTAL STUDY OF RULE SHIFT PROBLEM SOLVING 


DiscussioN 


* The results of the experiment indicate devel- 
She trends similar to those obtained in 
culty e learning studies. The relative difti- 
Nc o c and NC shifts changes with age from 
C on than C for 6-yr.-olds to C, easier than 
form i adults. Even 7-yr.-olds, however, per- 
eips ced on the C shift. One result that 
id Bs clarify that outcome is shown in the 
alysis of "better" and “poorer” Ss (see Fig. 
-yr. b s the C shift was easier than NC for 
their olds and adults, regardless of the level of 
Sor asia performance, the difficulty of these 
olds ne s about the same for the poorer /-YT.- 
olds E es reversed for the poorer 6-yr.- 
Shift e Jnly the better 7-yr.-olds found the C 
m Caec sus the NC. The better 6-yr--olds, 
oth shifts, and, displayed equal difficulty w it 


in aie b qnn to find no significant differences 
With en among rules. This finding conflicts 
65. poe research (e.g, Haygood & Bourne, 
; King, 1966). One possible explanation 
table ne equality of rules lies in the truth 
£n SECURITE procedure used in the pres. 
ipsc ment A study by Haygood and 
in the p (1965) demonstrated a reduction 
table difficulty of all rules as a result of truth 
br, P ene Maximally efficient per- 
this SUR was achieved by all Ss, adults in 
tive fae on both the conjunctive oF disjunc- 
Pretraini after truth table pretraining. Because 
Present mg was used in all conditions of the 
ect eee mea the results suggest that its 
E d piang rule difficulty probably holds 
taia oo well as adults. The verbaliza- 
May baat on the truth table for the 6-yr.-olds 
rences y been sufficient to eliminate rule dif- 
t that may have otherwise obtained. 
absol Mdy by King (1966) showed that the 
ite difference in difficulty of conjunctive 
Older 'sjunctive is larger for 7-yr--olds than for 
Study $. However, by the third problem in his 
Tesule tule differences were negligible. This 
Perim eld for all age levels in the present ex- 
Apparently, practice over three 
ing's experi- 
d the same equalizing effect for rules 
Drese ins with ihe auth table did in the 
fnt case, 


e 
fo 
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The results show that maximally efficient 
performance was more common among the older 
Ss and on C-shift problems. There appeared 
to be a marked tendency for adults to reverse 
the category responses immediately after the 
first infirming error trial. Only three 6- and 
7-yr-olds and five 9-yr-olds approached this 
level of performance. The reversal tendency 
for adults is also represented in Fig. 3. 
Adults have a .67 probability of making an 
error on the first presentation ofa TF or FT 
instance, while 6-, 7-, and 9-yr.olds have only a 
.29, 22, and .38 error probability, respectively. 
Adults reverse the TF and FT classes even 
when the assignment in the postshift problem is 
the same as in the preshift problem. The dif- 
ference between probabilities is significant and 
demonstrates that adults only need one infirm- 
ing trial subsequent to a series of correct re- 
sponses before they reverse their category 
responses. The suggested conclusion is that all 
class assignments do not have to be demon- 
strated to S before he attempts the reversal. 
Contrasted to this, the children are more likely 
to test each class for confirmation before any 
change in category assignment is made. The 
tendency to reverse at the first error on the 
postshift problem is probably a function of both 
age and experience and is related in an obvious 
way to solution shift behavior in AI tasks. As 
such, the data are clearly consistent with 
parallel studies within the AI paradigm. 
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ANALYSIS OF SEQUENTIAL EFFECTS IN 
CHOICE REACTION TIMES? 


ROBERT J. REMINGTON °? 


Michigan State University 


A comprehensive method of sequential data analysis is introduced and 
applied to reaction time (RT) data from a choice reaction experiment. The 
choice reaction time (CRT) experiment presented in the present paper 
consisted of two experimental conditions: (a) a two-choice condition in 
which the stimulus events were equiprobable and (b) a two-choice condition 
in which one of the stimulus events appeared with a probability of .70. 
Each of five Ss performed under both conditions. The results of the 
present study, in addition to demonstrating the feasibility of the new 
detailed approach to the study of sequential effects, revealed new information 
regarding the nature of the "repetition effect," ie, the observed faster RT 
to repeated signals than for changed signals. It was found that the repetition 
effect could not be associated with a single repetition of a signal as 


previously supposed. 


Findings are reported that indicate how higher order 
sequential effects operate to produce the second-order repetition effect. 


The 


findings indicate that an adequate model of CRT must account for at least 


fifth-order sequential effects. 


Most of the research on sequential effects 
in reaction time (RT) data centers around 
the phenomenon known as the "repetition 
effect,” i.e., the often reported finding that 
the RT to a repeated signal is faster than the 
RT for a changed signal. Since the repe- 
tition effect was first reported by Hyman 
(1953), there have been a number of studies 
designed to provide some understanding of 
the nature of this effect (Bertelson, 1961, 
1963, 1965; Hale, 1967; Hannes, 1968; 
Kornblum, 1967; Smith, 1968). These 
studies have shown that factors such as 
signal probability, S-R compatibility, inter- 
trial interval, number of alternatives, re- 
sponse mode, and S-R mapping influence the 
magnitude of the repetition effect differen- 
tially. Only a few researchers have gone 
beyond the simplest sort of sequential analy- 
sis associated with the repetition effect to 
explore higher order sequential effects in 
choice reaction time (CRT) data (Bertelson, 
1961; Falmagne, 1965; Leonard, Newman, 

1 This paper is based on a PhD dissertation sub- 
mitted to Michigan State University. The author 


is greatly indebted to his major professor, Terrence 
M. Allen, for his interest, encouragement, and 
suggestions. 
i. mecs for reprints should be sent to Robert 
Remington, who is now at International Business 
Machines Corporation, P.O. Box 12195, Research 
Triangle Park, North Carolina 27709. 


& Carpenter, 1966). The results 
by these researchers provide good 
that higher order sequential effects 
and that sequential effects in RT dat: 
be adequately described by a cons! 
of interaction between adjacent tria 
However, only effects associated v 
relatively small number of the possible i ; 
order stimulus patterns were subject epe 
analysis by the latter researchers (i.e i in 
tition stimulus sequences and sequenc iyen 
which successive presentations Of 3i ary" 
stimulus are separated by intervals O 

ing size). 

It is the major premise of the imen 
paper that the data from a CRT expe" ipe 
contain more information concerne ion 
microstructure of underlying choice Th pre 
processes than can be obtained throug i 
viously reported sequential data : ise 
procedures. In keeping with this (s dat 
a comprehensive method of sequent! RT 
analysis was introduced and applie ctio? 
data collected from a binary choice 
experiment. ;, procedu" 

Discussion of the data analysis P cilitate 
employed in the present paper 7$ a 
by the introduction of some is 
terminology. Let A represent + 
lus event appearing on Trial » 


a cannot 
deratio? 
1s only: 


esent 
prn 


reat 


(ie, * 
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Order stimulus pattern). By looking at 
the stimulus events that can occur on Trial 
"and Trial n — 1, two second-order stimu- 
lus patterns emerge: (a) the BA pattern 
Bt. the stimulus event appearing on Trial 
—l is different from the stimulus event 
appearing on Trial n) and (b) the AA 
ee (ie, the stimulus event appearing 
eed 1 — 1 is identical to the stimulus 
Sort V ain: on Trial »). The simplest 
Ei Sequential analysis of CRT data 
B of comparing the mean RT for all 
ceded T events that are immediately pre- 
Patter: y the same stimulus event (the AA 
stimula with the mean RT for all the 
tus events that are immediately pre- 

by a different stimulus event (the 
Son Pattern), ^ This particular compari- 
Tepresents the extent of the sequential 
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Fig. 1, The stimulus patterns ass 
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analysis carried out by a majority of the 
researchers who have reported on sequential 
effects in CRT data. 

In carrying the sequential analysis a step 
further, one would first delineate the third- 
order stimulus patterns. Examination of 
the stimulus events associated with Trials 
n, n—1, and n—2 reveals four possible 
third-order patterns: AAA, BAA, BBA, 
and ABA. The tree diagram in Fig. 1 
illustrates how the various stimulus patterns 
are delineated as one considers successively 
higher orders through the fifth order. 

It is now possible to associate a mean 
RT with each of the 31 stimulus patterns 
presented in Fig. 1. The overall mean of 
an RT distribution resulting from an n- 
trial CRT experiment would be the value 
associated with the first-order stimulus pat- 


ociated with each of the first five orders. 
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tern A. Let this value be denoted as 
RT(A). Then, RT(AA) would represent 
the mean RT for all the stimulus events in 
the n-trial experiment that are immediately 
preceded by the same stimulus event (the 
mean RT for repetitions), and RT(BA) 
would represent the mean RT for all the 
stimulus events in the experiment that are 
immediately preceded by a different stim- 
ulus event (the mean RT for nonrepeti- 
tions). In short, the proposed tree dia- 
gram analysis of CRT data consists of find- 
ing the mean RT for each of the 31 stimulus 
patterns shown in Fig. 1. 

The fragmentary nature of the approaches 
taken by the various investigators in their 
study of sequential effects in CRT per- 
formance becomes very apparent when the 
amount of information that they extract from 
the data is related to the potential informa- 
tion made available through the tree dia- 
gram approach. For example, the position 
in run analysis of repetitions introduced 
by Bertelson (1961) delineates only part of 
the lower branch of the tree diagram struc- 
ture, while Falmagne's (1965) repetition 
analysis delineates only 4 scattered nodes 
within the tree diagram structure. In fact, 
only 12 of the 31 nodes of the tree diagram 
shown in Fig. 1 would be determined if all 
the conventional data analysis procedures 
were applied to a set of CRT data. How 
important are each of the remaining 19 stim- 
ulus patterns in determining RT? It 
seems reasonable that information concern- 
ing the influence of these unexplored stim- 
ulus patterns on R'T would be useful in 
testing present theoretical models. Tt would 
also appear that the proposed tree diagram 
analysis, which incorporates all the sequen- 
tial information (through the fifth-order) 
under one experimental design, represents 
a relatively comprehensive approach to 
studying the microstructure of choice re- 
action processes. 


METHOD 


Subjects —Five volunteer Ss (three. females and 
two males) participated in the experiment. The 
Ss ranged in age from 15 to 28 yr. They were 
previously unacquainted with task and had no 
knowledge of the aim of the experiment. 


Apparatus—The signals were presented by 
means of a visual display. The signals themselves 
consisted of four lights (No. 47 bulbs uel 
frosted lenses) approximately 1 in. in dame E 
mounted in a small metal cabinet positioned al n 
4 ft. in front of S. The stimulus display n 
contained a red warning light and a small ES : 
light used to provide S with knowledge © 
correct response. 

The response device was a small à 
consisting of four typewriter keys. oe 
were numbered, starting on the left, 1 Ltimulus 
sponding spatially with the numbered 2. d 
lights. RT was measured from the onse E 
stimulus light to the depression of one or 
of the response keys. The depression go 
following a stimulus light was followed by 
automatic recording of the RT with m B 
accuracy, stimulus number, and the specific "E he 
depressed by S. A fixed 1-sec. delay betast mE 
onset of the warning light and the onset rough- 
stimulus light (foreperiod) was employed t 
out the experiment. 4 

The control and recording portions "E 
equipment, located in a room adjacent "EO 
room containing the visual display, allows of 
automatic data collection without the neces? ^ p, 
visual inspection or intervening operation? con- 
Stimulus presentations were automatica pm ams 
trolled by means of punched paper tape P elevant 
read by a paper tape reader. ne a of the 
information for each trial (i.e, a pen e b 
stimulus light presented, the response ial) 
S, and the RT in milliseconds for the d 
automatically recorded in digital form eim tap? 
tape by means of an eight-channel pope con” 
punch. The entire interstimulus inter" pin of 
sisting of (a) the foreperiod, (b) the EUM data 
the control tape, (c) the CRT, and ( 
recording, was about 4 sec. mulus se 

Stimulus sequences.—All of the E were 
quences employed in the present experim stimulis 
200 trials long. Randomization of the E uter 
events was achieved by means js acteristic? 
program. Additional structural eh in th 
of these stimulus sequences are presen ntal con 
following description of the experime g 
ditions : wary 5€, 

1. 50:50 condition. Four different birimental 
quences were constructed for this exp th s. 
condition. Under the 50:50 condition, and Lir 
ulus alternatives, consisting of Light di of t 
3, were presented equally often 1 e " 
four 200-trial stimulus sequences. „dition als? 

2. 70:30 condition. The second ae 1 E 
employed a  binary-choice conn s se Ue 
this condition, four different stimulu a Iter 
were constructed so that the proportions ial serie 
tives were 70:30. In two of these 20 S while d 
Stimulus Light 2 appeared 140 time, appear’ 
the other two series, Stimulus Iu i jmate> 
140 times. Second- and third-order 


keyboard 
keys 


ore 
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redundancy for the combined stimulus sequences 
Were nearly zero for both two-choice conditions. 
Procedure—Each S performed under both ex- 
Perimental conditions, At the beginning of the 
vit S nennen] session, each S was familiarized 
and i € general nature of the choice reaction task 
sessio € apparatus. During a typical experimental 
ulus n, S was presented with four 200-trial stim- 
told ees _ Before each sequence, S was 
ance E probability associated with the appear- 
terms j ch of the possible stimulus events in 
lo res Oi percentages. The Ss were instructed 
T ee as quickly as possible to the presenta- 
than 50 the stimulus light without making more 
urin, % error responses during a given series. 
Phon g all testing, Ss wore lightweight dual head- 
55 With ear-encompassing cushions that blocked 
Quence 5 the external noises. After each se- 
structior Was given a brief rest period and in- 
ler bour Concerning the upcoming sequence. Un- 
9n the lett Derimental conditions the index finger 
and the fie was used to respond to ie a 
to Light 3, X finger on the right hand to respor 
Heep data analysis —A total of 12,000 data 
$ Were collected during the course of the 
asks A “periment. Since early trials on CRT 
of varia pi cally display a relatively high degree 
fects, a ‘lity, which tends to obscure possible ef- 
far] €cision regarding which portion of the 


Dresen 


enera will be excluded from analysis is 
Separate 4 required. — In the present study a 
Condi ecision was made for each experimental 


tio; : : 
9n the m on the basis of sequential analyses made 


or block 5 from cach successive 200-trial sequence 
letai for a given condition, That is, a separate 
1,000 pa, Sequential analysis was made on the 


Der $ collected for all Ss combined (200 RTs 

On their first 200-trial block under a 
i condition; a te detailed sequen- 
analys; a separate 

for thew Sis was made on the 1,000 RTs collected 

“Nitin, eed 200-trial block under the same 


Telatively. 


3 H 
tenting P stable pattern of higher order 


oca for „ects Was observed for the last four 
of Es for Ie 50:50 condition, The first two 
RET. is this condition, being the first two blocks 
‘fq ce on a CRT task for all 5s, were charac- 
ets E rather erratic higher-order sequential 
fi; TI Well as a large drop in overall iim 
wet 409 o fore the first two blocks (ie, the 
NS exse Ts for each S under the condition) 
trie, ded from the final data analysis for thi 
als o al Condition, Only the first block o 
: n 70:30 condition displayed an unstable 
higher order sequential effects. With 


Ock excluded from analysis, sue 


vere 

ana ded a th the total number of renons) Me 
fop Yzable p€ final data analysis.  Therefo i 
data consisted of 800 data records 


ve Ss under the 50:50 condition and 
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1,000 data records from each .$ under the 70:30 
condition. 

The desired detailed sequential analysis of these 
data was only feasible with the aid of an elec- 
tronic computer. The data, being punched onto 
paper tape in digital form, were read directly by 
the paper tape reader associated with the com- 
puter system located at the Michigan State Uni- 
versity computer center. A computer program 
was developed which is capable of calculating and 
printing a number of statistics (mean RT, vari- 
ance, standard deviation, number of observations, 
standard error of the mean, skew, and percentage 
of error responses) associated with every pos- 
sible tree diagram node through a given order for 
(a) an overall tree diagram analysis and (b) a 
tree diagram analysis for each signal separately. 


RESULTS AND Discussion 


The results of the tree diagram analysis 
of the 50:50-condition data are presented in 
Fig. 2. As indicated previously, this analy- 
sis associated a mean RT with every pos- 
sible stimulus pattern through a given order 
(the fifth order in this case). Perhaps the 
most striking result was the overall picture 
that emerged when the tree diagram analysis 
was applied to the data. The graph in Fig. 
2 clearly conveys the fact that stimulus 
patterns of a higher order than the popular 
second order have a reliable effect on RT. 
The results of this tree diagram analysis, 
represented in graphic form, also shed light 
on the nature of the repetition effect and 
some of the theoretical misconceptions as- 
sociated with this popular second-order se- 
quential effect. : e 

It is generally believed that the repetition 
effect is the result of some sort of perceptual 
or response facilitation brought about by 
having seen or responded to the same stim- 
ulus event on the immediately preceding 
trial. A very simple test of this theoretical 
notion can be made by examining the mean 
RTs associated with the third-order compo- 
nents of the AA pattern (i.e. BAA and 
AAA). From the results reported in Fig. 
2. it can be seen that the decrease in RT as- 
sociated with the AA pattern (the repetition 
effect) can be attributed mainly to the 
AAA pattern and its higher order compo- 
nents and that RT(BAA) is nearly the 
same as the overall mean RT for the stimu- 
lus series. The important finding is that, at 
least for the 50:50 condition, the repetition 


254 


320 


310 


300 
o 
tw 
wo 
= 
zZ 
- 
a 290 
Zz 
E 
Lu 
z 


280 


270 


5th 


4th 


ROBERT J. REMINGTON 


3rd 2nd 


STIMULUS PATTERN ORDER 


Fic. 2. Tree diagram analysis for the 50:50 condition. 


effect could not be associated with a single 
repetition of a stimulus event. 

Examination of the mean latencies as- 
sociated with the third-order components of 
the BA pattern revealed more information 
concerning the nature of the repetition ef- 
fect. Assuming that on Trial n, S is operat- 
ing only on the information processed on 
Trial & — 1, there would be no reason to 
expect a difference between the mean 
latency associated with the ABA stimulus 


pattern and the mean latency assoc! 
the BBA stimulus pattern. pe 
paired ¢ test indicated that there oh - 
nificant (p < .02) difference betag 
(BBA) and RT(ABA). Like R s 
RT(ABA) was practically equa i 
overall mean RT, making no ji anch 
to the repetition effect. The uae is 
of the tree structure in Fig. ia the 
definite theoretical implications. as 
basis of the trend displayed 
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branch, it appears that the time required to preceded the presentation of Signal A. It 
Process a given Signal A is directly de- would be interesting to compare the slope of 
Pendent on the number of successive pre- this equation with those obtained in other 
Sentations of Signal B that have immediately experimental situations that employed two 
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Fig. 3. Tree diagrams for the individu 
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equiprobable signals. However, as far as 
the present author has been able to deter- 
mine, previous researchers have not made 
this type of analysis. In fact, it appears that 
previous researchers have not examined 
and reported RT(BBA), RT(BBBA), or 
RT(BBBBA). 

The results of the tree diagram analysis 
of the data from the 70:30 condition are 
presented in Fig. 3. In general, the results 
of these analyses support the major findings 
from the 50:50 condition regarding the 
importance of higher order stimulus pat- 
terns in determining RT and the nature of 
the repetition effect. For example, the 
results for both components provide added 
support for the contention that the repeti- 
tion effect cannot be attributed to a single 
repetition of a stimulus event. Once again 
the observed repetition effect was mainly a 
result of the faster RTs associated with at 
least two repetitions (111 or 222, but not 
211 or 122) and the slower RTs associated 
with stimulus patterns in which a stimulus 
was immediately preceded by at least two 
presentations of the alternate stimulus event 
(e.g., 112 or 221, but not 212 or 121). 

The linear equations that best describe the 
trends for the lower branch of the tree 
diagrams (the repetition function) for each 
component presented in Fig. 3 appear to 
have different slopes. That is, the slope for 
the 30% component appears to be greater 
than the slope for the 70% component. 
These slopes were found for each S, and the 
differences were used in a paired ¢ test. 
The results of this test showed that the 
slopes were significantly different (p < 
05). This finding indicates that signal 
probability influences the amount of facilita- 
tion brought about by successive repetitions 
of the signal. 

On the other hand, a similar comparison 
(paired ¢ test) of the slopes for the linear 
equations for the upper branch of the tree 
diagrams showed that the slope for the 70% 
component was significantly (p < .05) 
larger than the slope for the 30% com- 
ponent. This finding indicates that suc- 
cessive presentations of the 30% stimulus 
immediately preceding the presentation of 
a 7096 stimulus had a more detrimental ef- 
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fect on processing the 7095 stimulus than 
vice versa. These findings illustrate the 
strength of the sequential effects and tie 
type of phenomena that an adequate mode 
of CRT should be able to predict. , 
The results of the present study, in addi- 
tion to demonstrating the feasibility of he 
more comprehensive approach to the study 
of sequential effects, have clearly demon- 
strated that an adequate model of d 
must account for third, fourth, fifth, cd 
possibly higher order sequential effec t 
Most of the current models of sequential € 
fects in CRT are based on the theoretic? 
notion that the time required to process 
given signal is relatively independent ij 
the signals presented more than one t 
back (e.g. the model presented by 
son, 1963). The general structure o 
tree diagrams reported in the present pe 
suggests that this theoretical notion 15 
realistic. If stimulus patterns beyond 
popular second order had 
effect on RT, the tree structure resu 
from a tree diagram analysis would w 
expected to branch in any systematic i 
beyond the point representing the not p os 
the second-order stimulus patterns. 
ever, the resulting tree structures s i M 
systematic patterns of branching 97^ jevel 
at every e 


negligible sequential effects sg tf 
examined. Furthermore, the resulting. det 
structures suggest that certain higher ^ (ne 
sequential effects are as important Apird" 
more popular repetition effect (e£ peti- 
order sequential effects similar to the nde! 
tion effect in magnitude were oe or- 
both experimental conditions) - ig? imi- 
der sequential effects therefore deserve tical 


lar study and treatment in any the ¢ se 
formulation attempting to accou” 
quential effects in CRT. heo 

It appears that premature te rela" 


based on the repetition effect has : with 
tively ineffective in producing Loe p wer 
adequate explanatory and predict! he type 


Further detailed data analysis © i prove 
reported in the present paper eno iaa f 
useful in sharpening present theo" mbt © 
mulations. Similar data from à DU por? 
experimental situations. would 
precisely the specification O 
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E that an adequate theoretical model 
OE - Fortunately, because of the 
Bent a work of Falmagne (1965), we 
tings. a a good example of some of the 
alma nat a model ought to predict. 
of co. mathematical model is capable 
cernin ng relatively good predictions con- 
data 8 Wo interesting aspects of CRT 
dence th mrp there is convincing evi- 
Teaction X the processes underlying choice 
du ehavior are too complex to be 
model ss arn by such a two-state 
ticated he development of more sophis- 
Sent à Kis atia] models would repre- 
proach na Anging and perhaps rewarding 
ormation i inally, the type of detailed in- 
ram an e emerged from the tree dia- 
Study à Buses introduced in the present 
Duter Fae to be well suited to the com- 
Work rime ation approach. Perhaps future 
hd com ng these lines will yield a concise 
havior į Prehensive description of CRT be- 
3n the form of a computer program. 
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IMPROVED RECALL FOR DIGITS WITH 
DELAYED RECALL CUES' 


ROBERT G. CROWDER ? 


Yale University 


Ten highly practiced Ss recalled nine-digit series 


presentation. 


under five conditions of 


The control condition was compared with four conditions 


where the stimulus as presented included a redundant element at the end 


(ie, a suffix), 


experimental conditions. 


The delay between the last to-be-remembered element and 
the redundant suffix was .5, 2, 5, and 10 sec., respectively, 
The results showed 
redundant suffix led to more errors than the control condition. 


in the four 
that all conditions with the 
However, 


only when the shortest suffix delay was used was there a selective impairment 


of performance in the last few serial positions. 


These findings were consistent 


with a set of hypotheses about storage in the auditory system and permitted 


estimation of the decay constant for 


1.5 and 2 sec. 


Crowder and Morton (1969) have re- 
cently presented evidence for a short-term 
sensory storage system specific to audi- 
tory information. Precategorical acoustic 
storage (PAS) was proposed by them to be 
a relatively peripheral and relatively transi- 
ent buffer store in which only auditory in- 
formation (ie., only stimulus events which 
enter through S's ears) is held prior to the 
process of recognition. It was maintained 
that the properties of PAS are qualitatively 
similar to those of the visual short-term 
sensory store (Averbach & Coriell, 1961; 
Sperling, 1963) but that PAS has a con- 
siderably longer storage duration. Infor- 
mation is lost from PAS for either or both 
of two reasons, according to the Crowder- 
Morton position: (a) a process of displace- 
ment or overwriting by subsequent auditory 
events, and (b) decay with time. One pur- 
pose of the present study was to estimate 
the time course of this decay. 

The behavioral consequences of PAS are 
most readily observed in the stimulus suffix 
effect (Crowder, 1967 ; Crowder & Morton, 
1969; Dallet, 1965; cf. Morton, 1968). 


1 This research was supported by National Sci- 
ence Foundation Grant GB 4066. The careful 
assistance of Kathleen A. Catanese in data collec- 


tion and tabulation is acknowledged. 
2 Requests for reprints should be sent to Robert 
G. Crowder, Department of Psychology, Yale 


University, 333 Cedar Street, New Haven, Con- 


necticut 06510. 


such auditory storage to between 


The “suffix” is an extra digit, usually A ^3 
read by E following presentation of tht os 
mediate memory series, just prior . 
recall attempt. In studies of the 
suffix effect, S is informed in advan” 
over a block of trials each series “bat | 
with the same redundant digit 27 ling it 
will not be responsible for reca rowel 
Since the redundant zero was never ies th 
to occur in the to-he-remembere 


Mna al 

these studies, it had the logical pt i 
a recall cue, just as would the Aag ofY 
bell following presentation O the (as 


u 


series. The effect of a stimulus su rp 
compared with control series) ÍS 4 SAT last 
crease in errors localized mainly acti 
few positions of the serial position ct P 
The fact that the stimulus SU. x © ition’ 
selective upon the terminal Hast ate 2 to 
led Crowder and Morton to attrib from 

matio” of 


displacement of auditory infor 
PAS. (Itis important to n? 
the studies cited so far using ~~ 
suffix have employed auditory pr 
of both the memory series and 0 
dant suffix.) If the zero displace 


f x expe” . ns 
tion from PAS, it would not d position d 
seri 


that 2 
i tim 


sd 


change error rates on early 


because (a) information abo on pm 
positions would be too old to i nd Cy 
in PAS until the suffix occuro LP 
auditory presentation of the fin S trace 


tions would have displace 
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the earlier elements. Thus, during presen- 
E at conventional rates, each clement 
“AS an overwriting effect on those immedi- 
ately preceding it. The stimulus suffix ef- 
tk pons that such displacement is inevit- 
E detheg or not the displacing element 
a T information necessary for the task. 
suffix | regard, it is striking that a stimulus 
iu gere recall to the same degree as 
ment (D additional to-be-remembered ele- 
recall f, allett, 19 65). Dallett showed that 
allowed. a seven-digit series which had been 
Tom eS pA a suffix was indistinguishable 
"ight-digi Tor the first seven elements of an 

js Ped series with no suffix. . 
stimulus core of their interpretation of the 
( suffix effect, Crowder and Morton 
sentation oed that following visual pre- 
o selectiv. the memory series, there was 
he eng E effect of an auditory suffix at 
Shown ¢ 9: the list. Thus, the effect was 
e 9 bea strictly auditory phenomenon. 
lest i experiment was designed to 
Use Gut! hypotheses about PAS through 
n ext. Ne suffix condition. If the effect of 
P = digit is to displace information from 
With | See if information decays from PAS 

cient. eee of (unfilled) time, then @ 
Veron, Y delayed suffix should not affect 
(Where ance as does an immediate suffix 
"ted ; Immediate" means a suffix pre- 
au e ihe time with the rate of presentation 
“ndi io “Mory series), Control (no suffix) 
Ondi S Were therefore compared with 


ides experiment of Conrad (1960) pro- 
t int st, Meresting comparison he 
nl or ps » for he too examined serm 
ey ber it lists as a function of € 
fg Secure stimulus presentation ang 
ttp Sht) rence of a redundant digit 
i » ipi In Conrad's study, however: the 
lose. Tas supplied by S rather than 
hs) that © had earlier shown [nem 
os e Such a response prefix serious 
‘lormance. The investigation ™ 
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question (Conrad, 1960) revealed that de- 
laying prefix emission by 5 or 10 sec. follow- 
ing presentation had no effect on perform- 
ance, Nor did delaying the recall of 
unprefixed control series by the same 
amounts affect performance. In terms of 
their serial position effects, the response 
prefix and stimulus suffix effects have been 
shown elsewhere to be quite different 
(Crowder, 1967, Exp. III). Conrad’s evi- 
dence holds that delaying the prefix has no 
effect on its impairment of recall. Thus, 
one additional distinction between the suffix 
and prefix effects (beyond the serial position 
difference mentioned previously) would be 
evidence from the present investigation that 
delaying the stimulus suffix does affect the 
magnitude of its effect on recall. ; 

Another feature of the present design was 
the use of relatively few Ss and several 
days of practice for each. If the PAS 
mechanism is indeed precategorical and un- 
affected by behavioral strategies, as 
Crowder and Morton (1969) maintained, 
then the stimulus suffix effect should per- 
sist even after large amounts of practice 
with suffix conditions. 


METHOD 


Design and materials—There were five condi- 
tions, in all of which the to-be-recalled stimuli 
were nine-digit series taken from a table of per- 
mutations of the nine digits. In the pue con- 
dition there was no redundant element ; however, 
in each of the other conditions the digit zero 
was presented after the memory series. E ce elay 
between the last nonredundant digit an i = 
was .5, 2, 5, OF 10 sec., respectively, in the four 
experimental (suffix) conditions. Since the rate 
, entation of the nonredundant elements was 
E MEUM S-sec. delay was designated “immedi- 
» All stimuli were recorded on magnetic tape, 
vith 30 sec. allowed for recall (ie, 30 sec. be- 
t een presentation of the suffix digit and the 
beriming of the next series). The Ss were a 
Yale undergraduates who volunteered to serve for 

Each of the 10 5s served for 5 daily sessions 
=A 15 trials apiece of the five conditions given 
jae day. Motivation was supported by an- 
nouncing cash awards (beyond the $1.50 rate per 
session) to the 3 Ss who made fewest errors. 
set of Latin squares was used to insure (a) ind e- 

dence of individual 9-digit stimuli from experi- 
Lon 1 conditions, (b) within-session balancing of 
pe effects across conditions, and (c) balanc- 
ber of individual stimuli across Ss and stages of 


practice. 
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Procedure—Each daily session contained 75 
trials, divided into five blocks of 15 trials per con- 
dition, Following general instructions, there were 
3-min. periods of rest before each block of trials 
and reminder instructions dealing with the pro- 
cedure to be followed on the next block of trials. 
In the control condition, Ss were told to recall 
the digit series out loud as soon as presentation 
terminated. Their recall was aided in all condi- 
tions by a position grid (Crowder, 1967) to 
insure useful serial position data. In the four 
suffix conditions, they were told to consider the 
digit zero as a cue to begin recall and, of course, 
not to emit the zero in recall. The period inter- 
vening between the last nonredundant element 
and the suffix was unfilled, and Ss were given no 
rules as to what they could or could not do 
during this period. 


RESULTS 


The main results are given in Fig. 1, 
which shows serial position functions for 
the control, immediate (.5) suffix, and de- 
layed (2, 5, and 10 sec.) conditions sep- 
arately. The data of Fig. 1 show that 
whereas there was some decrement at all 
serial positions in the suffix conditions, only 
with the “immediate” suffix was there a 
selective decrement associated with the last 
few serial positions. An overall analysis of 
variance (5 Days x 5 Conditions X 9 Serial 
Positions) showed significant main effects 
of conditions, F (4, 36) = 9.00, p < .01, and 
serial position, F (8, 72) —7.51, p < 01; 
otherwise, only the Conditions X Serial 


Immediate Suffix (5 sec) 
x 


_e-7 *Control s 


2 2 4 5 6 7 
SERIAL POSITION M" 
T tion O 
Fic. l. The relation between mean error rate (maximum of 15) and serial position asa pet 
conditions. (The three delayed suffix conditions—2, 5, and 10 sec.—were combined. 
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: nifi- 
Position interaction was statistically In- 
cant, F (32, 288) = 7.08, P<" pow- 
spection of the five conditions show ditions 
ever, that the three delayed-suffix pe suf- 
(2, 5, and 10 sec. between last digit (a 
fix) were virtually indistinguisha a 
separate analysis of variance 
Conditions X 9 Serial Positions) 


ind 
aes 1 m 
these delayed-suffix conditions O” 


1 38 

came S fas 

cated that they were statistically aly a atisi 
visually indistinguishable; the O cri? 


tically significant F was that 

position, i (8, 72) = 844, ? < D: 
fore, the three delayed-suffix 
were combined as they appear 
and submitted to an analysis O Positions” 
Days x 3 Conditions x 9 Serial TP sition 
As before, conditions and SED ct$ ^ 
were statistically significant mai? "505, f 
(2, 18) = 16.49, and F (8, 72) ^ ^ ge if 


; as 
spectively, p’s both < .01, as W ; um 
teraction of these two factors, a) and 
= 10.88, p < 01. Practice y 5 wet 
s : x a 
interactions with the other m" 
nonsignificant. , the th n 
Inspection of performance OF esl oi 


only indicated that the patte! he durati 
Fig. 1 persisted throughout t rates si- 
the experiment. Mean Ta Serial. gunt 
fifth day (maximum of 15) al e ndibo oe 
tions 1-9 were: for the contr and 6 

2, 7, 6, 1.3, 19, 20, 1.6, 15 
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le immediate-suffix condition, .7, .8, 1.2, 
del; 8, 3.1, 3.6, 3.9, and 4.3; and for the 
So Ye-suffix conditions, .4, 1.2, 1.5, 24, 
9, 2.5, 2.5, 2.5, and .8. 


Discussion 

For the 
ect 

ance d 


ta eye Purposes, the stimulus suffix 
m. e defined as a selective perform- 
hus the oe in the last few serial positions. 
ition wise p replicated only in the con- 
memory Series a sec, intervened between the 
Plays “ther es and the redundant zero; at longer 
may b € was no selective error increase. 
a observed in Fig. 1 that there were 

. Increases in errors at all serial 
» including the early ones, for each of 
Suffix conditions, Crowder and Morton 
fect o fave suggested that the nonselective 
nee, similar aX is due to articulatory interfer- 
niga 5 ze that produced by a redundant 
design Pi 1X. Strictly speaking, the present 
ter erence not permit a choice between such 
Countin pj» and a simple delay effect in ac- 
the ond 9r the overall poorer performance of 
sufixes tions with 2-, $. and 10-sec. delayed 
Onraq's [ T pared with controls. However, 
'thout req 0) data showed that such a delay, 
nificant undant interpolated material, had no 
also „effect on performance. Conrad's 
iate Indicate that the difference between 
Tesent —- and delayed-suffix conditions in the 
tim Study was not due to the passage O 
d wi Although time was obviously con- 
desi n with sufix delay in the experimental 
"ven if Conrad's results were not 
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(1969) 
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MUS co; the retention function for non- 
Trente, hero Series would have to be most 
he į O account for the present results.) 


€ ir 
thag Portant finding of the present study was 
ia acteristic skewing effect of a stim- 
e Nene on the shape of the serial position 
Wed y Obtained only when the suffix fol- 
ast memory element by .5 sec 
' Ühe present data indicate that the 
id Suc ! an immediate suffix remain. at 
ipd 1gg Matic after 60 trials of that condition 
. Cclayed-suffix trials) as they were 
Mit Tement Pparently, even though the logical 
S ts : S of the immediate-suffix task. per- 
do Ompletely ignore the suffix digit, he 
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serial positions that has theoretical importance. 
Every one of the 10 Ss showed more errors 
in both Positions 8 and 9 with the immediate 
than the delayed sufüx; in Position 7, 9 out of 
the 10 Ss showed the same difference. These 
data are consistent with predictions from the 
PAS hypothesis. Moreover, the fact that per- 
formance was independent of suffix delay after 
2 sec. indicates that the duration of informa- 
tion in PAS is necessarily shorter than 2 sec.; 
otherwise, there would have been some effect 
of the 2-sec. suffix on recall for at least the 
ninth serial position. Thus, an upper bound 
on the limit of PAS storage is 2 sec. 

Looking at the data of Fig. 1 another way 
allows a second estimate of PAS duration. The 
“immediate” suffix occurred .5 sec. after the 
ninth digit. A lower bound estimate of PAS 
duration would be indicated by the "distance 
back" into the series over which the .5-sec. 
suffix was effective. The proper base line for 
making this comparison is the combined de- 
laved-suffix conditions since they share with the 
immediate conditions whatever nonselective ef- 
fects result from suffix presentation. The curves 
of Fig. 1 show that up through the sixth digit, 
it made no difference whether the zero was pre- 
sented immediately or delayed ; however, for the 
last three positions there was an increasing de- 
gree of impairment by the immediate suffix. 
Therefore, a tentative lower bound estimate of 
PAS duration is 1.5 sec, since this was the 
period of time elapsing between the seventh 
element and the suffix. 

Although these two estimates of PAS decay 
characteristics are in remarkable agreement, no 
particular generality is claimed for them beyond 
the exact procedures of the present study. 
Differences in loudness, intelligibility, and other 
factors may prove in future work to be related 
to the duration of storage in the auditory 
UR genital of the stimulus suffix effect 
on the delay between stimulus presentation 
and occurrence of the redundant element dem- 
onstrated in the present study, is in marked 
contrast to the independence of the response 
prefix effect on such delays (Conrad, 1960). 

idence is therefore adduced that 


Further evi . 
whether E or S emits a redundant element 
between presentation and recall makes a sub- 


stantial difference. 
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RETRIEVAL OF COLOR INFORMATION FROM 
PREPERCEPTUAL MEMORY? 


SANDRA E. CLARK? 
Ohio State University 


Two experiments were conducted to investigate preperceptual memory after 


presentation of an array of colored stimuli. 


The Ss in each experiment 


viewed an array of red, green, and yellow circles. At predetermined intervals 
after termination of the display (0-1,250 msec.), a tone retrieval cue indicated 
the type of color information to be reported, either a partial report (one of 
the three colors in Exp. I, colors in one of the three rows in Exp. II) or a 


complete report. 


In Exp. I, color information reported by category did not 


decrease in availability as delay of retrieval increased; however, Exp. II 
indicated that availability of color location information did decrease. These 
results imply a differential processing strategy depending on the type of 


information to be retrieved. 


Information within an organism can be 
described according to the flow model of 
roadbent (1963), which assumes a variety 
Of information states between the input of 
the proximal stimulus and the motor or 
Verbal output, ^ Accordingly, visual infor- 
mation may be held in the form of a raw 
neural message before categorization or may 
€ held in a state resulting from categori- 
zation, Melton (1963) has described pre- 
Perceptual information as a visual stimulus 
Not encoded with central or peripheral re- 
SPonse components, while postperceptual 
Information is a memory trace resulting 
Tom central encoding or analysis. 
A model for the two storage systems has 
“en proposed by Broadbent (1958), who 
advocated a storage system for sensory data 
the S system) and a separate system (the 
System) for analyzed information. Ac- 
Cording to Broadbent, sensory messages 
are dealt with in two stages: (a) The gen- 
‘tal physical features of the stimulus are 
‘Centified, in which several messages may 
pe handled at once; (b) the verbal content 
'S analyzed, in which only one message can 
rtation submitted 
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be handled. Several studies (Treisman, 
1964; Turvey, 1966, 1967) have shown 
evidence for these two operationally differ- 
ent stages. 

In vision, the main physical dimensions of 
stimuli are location, color, size, brightness, 
and shape. Sperling (1960) and Averbach 
and Coriell (1961) have shown that the 
availability of briefly presented visual in- 
formation is a decreasing function of the 
delay between presentation and retrieval. 
They also showed that accuracy of a partial 
report is greater than that of a complete 

These results indicate that location 


report. 
of letters is identified at the first stage of 


information processing. However, Sper- 
ling showed that no more information was 
given in a partial report of letters from a 
letter-number array than in a complete 
report of the entire display, indicating that 
categorization of items takes place in the 
second stage. 

Treisman (1966) stated the need to 
show that Ss can pick out visual stimuli 
based on other physical dimensions other 
than location. While working with a two- 
color, letter-number array, Dick (1967) 
found a significant effect of delay in a partial 


report of location and of color, but no effect 


for identity. : . 
The present experiments investigated fur- 


1 report of color and location 


ther the partial 
of colors that has been 


from an array 
briefly displayed. 


263 


264 


METHOD 
Experiment I 


Subjects —The five Ss were volunteers from in- 
troductory psychology classes who received extra- 
course credit. 

Materials —The Ss were presented a slide con- 
taining 15 colored circles (equal numbers of red, 
R; green, G; and yellow, Y) randomly arranged 
in three rows of 5 circles. The information was 
displayed onto a dark preexposure field contain- 
ing a fixation point maintained by a Revere 888 
slide projector. A Carousel 800 slide projector 
with an Alphax-Wollensak tachistoscope shutter 
displayed the information for 150-msec. duration 
onto a screen. The slide subtended approxi- 
mately 5? of visual angle to S. The postdisplay 
cue followed at delays of 0, 100, 250, 500, 750, 
1,000, and 1,250 msec. as timed by Tektronix pulse 
generators. The postdisplay cue was one of four 
tones (sine wave form) generated by an Eico 
audio-generator and presented via earmuff head- 
phones to S. 

Procedure.—On Day 1, S was told that the 
study was testing his ability to retain a visual 
image and was then shown a sample slide. The S 
was oriented to the procedure and to the four 
different auditory poststimulus cues, which signaled 
the color to be reported or a complete report. 
The tones were adjusted individually for each S 
to obtain maximum ease of differentiation. 

The procedure for stimulus display involved S 
pressing a key to view a slide after E's statement 
of "Ready." The S was told to look at the 
fixation point until it was clearly in focus and 
then to press the key, which triggered the shutter 
on the Carousel projector. This allowed S to be 
prepared for the visual presentation. The first 
three poststimulus tones required that S report the 
locations of one of the three colors by marking the 
letter of that color (R, G, or Y) in the appropriate 
spaces of an answer grid of three rows with five 
squares in each row, a square corresponding to 
each circle on the stimulus slide. The fourth post- 
stimulus tone required S to report all colors by 
R, G, and Y in all squares of the answer grid. 
The S was encouraged to always fill in as many 
squares as possible, but not to "guess wildly." 
As soon as S completed his answer, the grid was 
passed to E so that it was no longer available to 
S. The interstimulus interval was never less than 
10 sec. or longer than 15 sec. The S received 
25 practice slides. 

On Days 2 and 3, 80 slides were presented 
(40 for complete report and 40 for partial report). 
The partial-report slides had all colors reported, 
and both types of report occurred at all retention 
intervals. The type of report, color reported, and 
retention intervals were randomized. The order 
of presentation of the slides was counterbalanced 
across Ss. 

The purpose of the preexperimental procedure 
was to insure that (a) S had associated the post- 
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stimulus cues with the respective tasks with at 
least 95% accuracy, (b) S was demonstrating 
equal attention (all rows and all colors were 
equally available), and (c) practice effects would 
be minimal on the experiment days (Days 4 
and 5). 

On Days 4 and 5, 72 slides were presented (36 
partial and 36 complete report). Each type 
of report and each color in the partial report was 
used equally often at each retention interval. Re- 
tention intervals were randomized within blocks of 
36 trials. A set of slides different from those of 
the preexperiment days was used. The order of 
presentation of slides was counterbalanced across 
Ss. 

If S misinterpreted a tone and wrote either 
the wrong color or made an incorrect type of re- 
port, the slide was shown again after the 72 trials 
for the experimental days had been completed. 
That procedure was possible since Turvey (1967) 
has shown no effect of repetition in terms of per- 
centage of recall with an unanalyzed stimulus. 

Treatment of the data—A measure was neces- 
sary to enable comparison between the partial and 
the complete report. According to Sperling 
(1960), the partial report is considered as a ran- 
dom sample of the information that S has avail- 
able for report. For example, if S is correct 80% 
of the time when he is reporting 5 of the 15 color 
circles, then he is said to have 80% of the 15 
colored circles (12 colored circles) available for 
partial report at the time the retrieval tone is 
presented. 

In order to calculate the number of available 

colored circles, the number of colored circles cor- 
rect in the partial report is multiplied by the 
number of equiprobable partial reports. With 
three colors, multiplication is by 3.0. 
i Sperling (1960) has shown that the amount of 
information available to S, calculated from the 
partial report, is greater than that given in the 
complete report, which is invariant with delay of 
poststimulus cueing. Thus, subtracting the num- 
ber of correct responses in the complete report 
from the number of responses shown available by 
partial report would indicate the additional number 
of responses available to S, excluding the im- 
mediate memory span. For example, if nine re- 
sponses were calculated to be available and the 
number of correct responses in the complete re- 
port was five, S would have four additional 
responses available. 


Experiment II 


Subjects.—The five Ss were volunteers from in- 
troductory psychology classes who received extra- 
course credit. 

Materials and procedure.—The materials, pro- 
cedure, and data treatment were similar to that of 
Exp. I except that the first three retrieval cue 
tones required that S report the colors located 
in one of the three rows of the stimulus. The 
fourth retrieval cue tone required S to report all 
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RESULTS 


a . : A e" 
he mean additional information avail- 


pie (mean calculated partial-report score, 
Mos rd the mean number of sigle. 
or x. lesponses, C) at each delay interva 
Peated I and II is shown in Fig. l; A = 
Partiaj unes analysis of variance on i 
Cant , -complete scores indicated a signifi- 
effect of delay, F (5, 40) = 3.43. P < 
inis a significant Experiment X y 
efr action, F (5, 40) = 3.16, ^ < 05. The 
(1,8 Of experiment was not significant, 
Si ) = 4,93, l 
t nce the Cue Delay X Experiment in- 
weston was riens, simple F tests 
Performed on the main effect of ex- 
ent. The F test for Exp- I indicated 
erence in cue delay, F (5, 40) = 159 


Derin 
No q; 


interval for each experiment. 


The F test for Exp. II indicated a signifi- 
cant difference in cue delay, F (5, 40) — 
5.26, p< 01. A Newman-Keuls test was 
performed on Exp. II and indicated signifi- 
cant differences in retention between 0 
delay and each of the other delay intervals 
(p < .05 for all delays except 1,000 msec., 
p<.01). No other delay intervals were 


significantly different. 


DISCUSSION 


Experiment I indicated that Ss were able 
to report by category of information (a par- 
ticular color). These results differ from those 
of Sperling (1960), who found with a mixed 
array of letters and numbers that there was no 
more information available for either letters 
or numbers than that contained in the immedi- 
ate memory report. Thus, when information 
can be immediately encoded neurally on stimu- 
(as with color), Ss can re- 


lus presentation 
however, when information 


port by category; 
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cannot be immediately encoded (as with letters 
or numbers), Ss cannot report by category of 
information. The results of Dick (1967) with 
color information also support the present con- 
clusions. 

Further, in contrast to Sperling (1960), there 
was no decrease in additional color informa- 
tion available as the delay of the poststimulus 
cue was increased. The amount of additional 
color information available in Exp. I was in- 
variant with time of delay. 

However, in Exp. II there was a decrease 
in the amount of additional spatial location in- 
formation as delay of retrieval increased. 
These results are similar to those of Sperling 
(1960), although he reported that after 1,000 
msec., information available by partial report 
was no different from that of the immediate 
memory span. In Exp. II, after the same time 
interval, considerable information was still 
available. Thus, when color information is 
reported by spatial location rather than by 
category, there is a decrease in availability of 
that information as delay of retrieval is in- 
creased. 

The difference between the results of Sperling 
(1960) (no more information available by par- 
tial report when using categories) and those 
of the present study are consistent with the 
model of information processing as proposed 
by Broadbent (1958). The first stage of 
processing deals only with the general physical 
features of the stimulus. When color cate- 
gories are employed, analysis is possible during 
Stage 1, and thus more information is avail- 
able using the partial report. However, when 
verbal content must be analyzed, as with a 
mixed letter-number array, analysis does not 
take place during the preperceptual Stage 1. 
Hence, no more information is available with a 
partial report than with the immediate memory 
span. 

When color information is presented, avail- 
ability of category information does not de- 
crease during retrieval delay, but the availabil- 
ity of spatial location information does de- 
crease. Dick (1967) has suggested that a 
decrease in accuracy may be the result of se- 
quential processing of information, while no 
decrease may be due to a parallel processing 
mechanism. It is possible that different en- 
coding strategies are employed due to the type 
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of information retrieval that will be required. 
When color category information must be re- 
trieved, color is quickly encoded with location 
in a parallel fashion and thus protected from 
decay. When location information must be 
retrieved, location and color are sequentially 
encoded. Due to the longer time needed for 
encoding, the information is more subject to 
decay. Dick (1967) has found similar results 
with location and identity. 

Thus, any preperceptual memory model must 
systematically describe the length of time for 
neural encoding to occur. The stage model of 
information processing suggests that the re- 
sults of the present experiments could be ap- 
plicable to the other information of the physi- 
cal attributes of a stimulus, i.e., shape, size, 
and brightness. 
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SOME EFFECTS OF SIMULTANEOUS FORCE-PROPORTIONAL 
POSITIVE AND NEGATIVE REINFORCEMENT? 


ROSS D. L. FILION,? STEPHEN C. 


FOWLER, ann J. M. NOTTERMAN 


Princeton University 


Two groups of rats were exposed to the same force-proportional positive 
reinforcement schedule, but under different schedules of simultaneous force- 
proportional negative reinforcement. The data indicate that force of response 
and rate of responding are differentially sensitive to punishment and that the 
nature of this effect is such as to suggest the existence of a tendency for 
compensatory interaction between the two dependent variables. 


The experiment here reported serves to 
augment an earlier account of force-propor- 
tional reinforcement, one which was con- 
cerned solely with an examination of posi- 
tive reinforcement contingencies (Notter- 
man & Mintz, 1965). It does so by mak- 
Ing not only amount of food, but probability 
" receiving shock as well, each stimultane- 
ously proportional to the peak force of in- 
dividual bar-pressing responses. 

he principal finding of the previous re- 
Search was that Ss (laboratory rats) did 
not maximize the opportunity to press 
harder for more.” It was concluded that 
he Organism reached an upper limit of op- 
tional exertion which probably depended 
9^ the interaction of several variables: (a) 
the absolute amount of reinforcement ob- 
tained per response, as it influenced drive 
State; (b) the exertion required to obtain 
this amount, the value of “gain” being set 
; (c) the choice available of pressing 
Zain, rather than harder; and (d) the 
Apacity of § to discriminate changes in 
bci cues, amount-of-food cues, and in 

Stor feedback cues. . 

ther things being equal, and depending 
On the particular intensity of shock used, it 
might be expected that the inclusion of 
Punishment as an additional variable should 
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serve to decrease overall rate of responding 
(Church, 1963; Estes & Skinner, 1941; 
Solomon, 1966). However, no clear evi- 
dence is available to permit prediction of 
the effect of shock on level of response 
force, especially in a force-proportional situ- 
ation. For example, if it is assumed that 
the rate-depressing effect of shock extends 
to force of response, then the consequence of 
including probability of receiving shock in 
a force-proportional reinforcement contin- 
gency should be such as to induce not only 
lower rate, but also lower peak force. On 
the other hand, it might be hypothesized 
that the greater the penalty (or probability 
of receiving shock) for pressing harder 
during an individual response, the greater 
the tendency for S to choose to press less 
vigorously, but more often. This tendency, 
should it indeed exist, might be sufficient to 
counter the previously reported decreases in 
rate. Moreover, it might lend support to 
arguments for the descriptive utility of 
concepts such as "reinforcement earned per 
minute,” since the options available to S in 
this experiment permit just such a unifying 
principle to become operative (Herrnstein, 
1961; Neuringer, 1967; Skinner, 1966). 
This interpretation would require the fur- 
ther assumption that the values of shock 
intensity, shock probability, and positive 
reinforcement gain have been appropriately 
chosen. 

In sum, the experiment was designed to 
provide information related to the following 
issues: (a) Given the same force-propor- 
tional, positive reinforcement gain, but un- 
der two values (low or high) of simultane- 
ous, negative reinforcement gain, how are 
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TABLE 1 


Foop AND SHOCK CONTINGENCIES AS A 
FUNCTION OF REQUIRED 
RESPONSE FORCE 


ili 
Amount food Probrbilley: 
Required | obtainable/ 
Phase " in peek ) response Qo 
orce (gm. pellets Group| Gi 
p| Group 
45 mg.) I Tl 
1 ) None 45 mg. 0 0 
Tray-approach 
VETRERED 8-up 45 mg. 0 0 
Shaping & CRF 
( dine , 0.0-7.9 0 mg. 0 0 
(Proportional re- 8.0-15.9 45 mg. .10 .20 
inforcement) 16.0-23.9 90 mg. .20 .40 
24.0-31.9 135 mg. .30 .60 
32.0-39.9 180 mg. .40 .80 
40.0-up 225 mg. .50 1.00 
4 None 0 0 0 
(Extinction) 


peak force of response and rate of respond- 
ing affected? Are these dependent vari- 
ables equally sensitive to the risks incurred 
in receiving either low or high schedules of 
increasing shock probabilities? (b) Under 
the specific parametric conditions of the 
present experiment, are such changes in rate 
and in force as are observed so related as 
to provide support for "intake per minute" 
types of behavioral descriptions? 


MrTHOD 


Apparatus—The apparatus was a modification 
of the analog computer system described by Not- 
terman and Mintz (1965); instead of a strain 
gauge, a Sanborn transducer (Model FTA 100- 
502) served as the manipulandum. The portion of 
the transducer available to S was a 13-mm.-diam- 
eter disc, the surface of which was 62 mm. above 
the grid floor of the Skinner box. The manipu- 
landum was positioned outside the cage, but within 
reach of the animal's paw. Since excursion of 
the disc was less than .4 mm. for forces up to 200 
gm. the manipulandum was essentially isometric. 
A Hewlett-Packard digital recorder (Model 
561B) registered peak force (Fp) for all pressures 
exceeding 2.5 gm. (termed the “threshold”), 
which defined a response. Rate of bar-pressing 
and mean peak force of response were com- 
puted from these pressures. 

Subjects and procedure—The Ss, 14 male 
Sprague-Dawley rats weighing 125-200 gm. upon 
receipt, were maintained on 22-hr. hunger drive 
throughout the experiment, being allowed free 
feeding of Purina Lab Chow mash for 1 hr., ap- 
proximately 1 hr. after each session. At the 
outset of the experiment, they were randomly as- 
signed to two groups of equal number and subse- 
quently were exposed to three sessions of tray- 
approach training (Phase 1); four sessions of 


R. D. L. FILION, S. C. FOWLER, AND J. M. NOTTERMAN 


shaping based on continuous reinforcement (Phase 
2); 20 sessions of proportional reinforcement 
(Phase 3) ; and three sessions of extinction (Phase 
4). For pressures 8.0 gm. (termed the "cri- 
terion") and above, food and shock were dispensed 
in accordance with Table 1, but only after the 
response had terminated (ie, emitted force fell 
below threshold). The sessions of the first three 
phases each were concluded on S's obtaining ap- 
proximately 40 45-mg. pellets; the sessions of 
Phase 4 were each 10 min. in duration, with S 
receiving neither food nor shock. 

It is evident from Table 1 that during Phase 3, 
the specified gain (defined as the amount of rein- 
forcement earned for a given range of emitted 
forces, divided by the lower limit of that force 
range) was 5.62 mg, of food/gm of response force 
for criterion forces and above. Shock level during 
this phase was adjusted for individual Ss until 
the tenth session, by which time it was 80-85 v. ac 
for all Ss. Scrambled shock was administered 
on a variable ratio basis through the grid floor, 
each force step being independently programmed 
by means of a Scientific Prototype Model 4020-J 
probability generator. 


RESULTS AND Discussion 


Figure 1 shows the mean F, for the sepa- 
rate groups over the course of proportional 
reinforcement. Considering this phase of 
the experiment in its entirety, Groups I and 
II are significantly different at beyond the 
.01 level, F (1, 12) 210.034 Moreover, t 
test indicates that the two groups differ on 
the very first session (p < .01) and that the 
effects of subsequent, successive sessions on 
both groups are negligible, F (19, 228) — 
1.60, p > .10.5 

The separation in force magnitude be- 
tween Groups I and II cannot be at- 
tributed to differential responsiveness to the 
positive aspects of the force-proportional 
contingency for the following reasons. 
Apart from the fact that both groups were 
exposed to the same positive reinforcement 
regimen, it will be noted that the magnitude 
of mean F, for both groups is well within or 
below the first force step (8.0-15.9) on each 
session—no upwards shaping of forces is 
detectable. Analysis indicates that the dif- 


4Two factors design with repeated measures on 
the successive sessions or training factor (cf. 
Winer, 1962, p. 302.). 

5The degrees of freedom are derived for the 
sessions factor by (N — 1), where N —20, and 
for the successive mean Fp factor by 2(n— 1) 
(p — 1), where  — 7 and p = 20. 
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responses, however, is not quite significant, 
F (1,12) = 386, 05 < p < .10. Further 
support for the interpretation that the sepa- 
ration between the groups is representative 
of the greater suppressive effect of the 
higher shock probability to which Group Il 
was exposed is afforded by comparing the 
mean F, of Group I with that of another 
group which received no shock at all. A 
group of seven Ss of similar strain and 
comparable weight upon receipt, but taken 
from another experiment, serves to provide 
a modicum of information on this point. 
Conditions for this third sample were simi- 
lar to those of Groups I and II, except that 
there were 15 (as opposed to 20) sessions 
of proportional positive reinforcement dur- 
ing Phase 3. An analysis of variance com- 
paring Group I and the no-shock group for 
the first 15 days of their respective acquisi- 
tion phases reveals that there is no signifi- 
cant difference in mean Fp, F (1, 12) = .07, 
p > 25, nor is there a significant training 
effect, F (14, 168) = 1.108, p>.25. As 
would be expected, however, the difference 
between Group II and the no-shock sample 
over the same number of sessions is reliable, 
F (1, 12) = 6248, p < .05. 

As they enter into extinction, Groups I 
and II each increase in mean Fp. Compar- 
ing the last session of proportional rein- 
forcement with the first session of extinc- 
tion, the rise in force is significant by 
signed rank test for each group at the .02 
level, every S increasing in force? This 
finding is in accord with earlier reports (see 
Notterman & Mintz, 1965). However, the 
groups are not reliably different from each 
other, F (1, 12) <1; nor is there a signifi- 
cant drop in mean F, over the course of the 
three extinction sessions, F (2, 24) « 1. 

The rate data depicted in Fig. 2 are note- 
worthy in that statistical tests show reli- 
able effects which are opposite to those for 
the mean Fp measure. Unlike the case 
with mean Fp, Groups I and II do not differ 
in rate during proportional reinforcement, 
F (1,12) <1; on the other hand, the effect 
of training on both groups taken together 

s A nonparametric test was used since the vari- 
ance in extinction is quite higher than that of 
acquisition. 
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is significant, F (19, 228) = 443, p < 01. 
Nor is the latter result compromised by the 
interaction term, F (19, 228) = 1.29, p> 
25. In terms of rate, the no-shock sample 
is not significantly different from either 
Group I or II. 

The fact that higher probability of shock 
had a significant effect on mean F, but not 
on rate suggests that mean F, may be more 
sensitive to differences between punishment 
procedures than is rate of responding. 
However, the disparity between the two 
measures during the course of Phase 3 may 
simply be a reflection of the particular shock 
intensity and probability used—higher in- 
tensities or probabilities might have sup- 
pressed both measures, whereas lower mag- 
nitudes might have suppressed neither. 

Again in contrast to the mean Fp mea- 
sure, the separation of the rate curves dur- 
ing extinction is reliable, F (1, 12) — 11.10, 
p € 01, and the decrease in rate with suc- 
cessive extinction periods is also significant, 
F (2, 24) = 4446, p < .001. The former 
result might have been expected in view of 
the previously cited data concerning the 
relative frequency of subcriterion responses. 
If subcriterion responses are treated as the 
unreinforced responses of a partial rem- 
forcement schedule, then it is possible to 
compute the value of the variable ratio 
(VR) schedule that each group imposed 
upon itself. For example, if one considers 
the last four sessions of Phase 3, then Group 
I had placed itself on a VR 1.3, but Group 
II had elected to respond on a VR 17. 
When examined in terms of intermittent 
schedules of reinforcement, the rate data for 
the extinction sessions are not so surpris 
ing: Group II was on a “leaner” schedule 
and was more resistant to extinction, à 
typical consequence of partial reinforcement. 

In addition to providing evidence which 
suggests that punishment of a response can 
suppress the force of that response without 
abolishing responding, the data reveal a 
marked difference between Fp and rate mea- 
sures. The early separation of the Fp 
curves and the lack of a detectable training 
effect imply that learning of the force re- 
quirement is very rapid, perhaps occurring 
within a few trials. Once a given level of 
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performance in terms of mean Fp is estab- 
lished, it remains rather stable until some 
major adjustment of the reinforcement con- 
dition is made, cg. extinction. On the 
other hand, rate measures seem to change 
much more gradually, and in the present 
Study the positive slope of the rate curves 
in Phase 3 may be partially a result of adap- 
tation to shock. 5 

The existence of the slope in the rate 
curve can also be interpreted as being the 
consequence of a tendency for Ss to obtain 
Mcreasing amounts of reinforcement per 
minute as a function of training, indepen- 
dently of, or along with, adaptation to 
shock. This measure does, indeed, in- 
Crease with sessions, going from an initial 
value of 392 to 414 mg/min for Group T. 
and from 252 to 345 mg/min for Group H. 
he upwards trend for both groups taken 
together is significant, F (19, 228) = 3.734, 
P<.01. The intergroup difference itself, 
however, is not quite significant, F (1, 12) 
=3.86, 05< p «10; nor is there any 
Proclivity shown for Group H to converge 
9n Group I, the interaction term being un- 
reliable, F (19, 228) < 1. A 
n answer to the questions posed earlier, 
appears that force of response and rate 
responding are differentially sensitive 
9 the effects of increasing shock probabili- 


it 
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ties, at least under the conditions of the 
present experiment. There is also some 
supportative evidence for the utility of “re- 
inforcement per minute" as a descriptive 
construct, but—in the absence of parametric 
variation—the evidence must be considered 
as only suggestive. 
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DIFFERENTIAL CLASSICAL EYELID CONDITIONING AS 


A FUNCTION OF CS INTENSITY, CS RISE TIME, 
AND INTERSTIMULUS INTERVAL' 


SUSAN M. WILCOX axp LEONARD E. ROSS? 


University of Wisconsin 


Two experiments were conducted to investigate the effects of auditory CS 
properties on differential classical eyelid conditioning. The first experiment 
included two levels of background intensity (65 and 80 db.), two levels of 
CS intensity relative to background intensity, and interstimulus intervals 
(ISIs) of 500 and 800 msec. The ISI X CS Intensity, relative to back- 
ground intensity, interaction was significant, but no effect was observed for 
either background intensity or absolute CS intensity. In the second experi- 
ment, CS rise time and ISI were varied, with the slower CS onset resulting 
in better differential performance than fast CS onset under shorter ISI 
conditions. Variations in CS rise time had no effect on differential perform- 
ance with the longer ISI. Results were discussed in terms of a trade-off 
between ISI and the characteristics of the CS, with the longer ISI leading 
to better differential performance under CS conditions that were nonoptimal 


for the shorter ISI. 


Although recent interest in the percep- 
tual and/or inhibitory processes involved in 
differential eyelid conditioning has led to a 
number of studies investigating factors af- 
fecting differential conditioning, one vari- 
able, CS intensity, has received little atten- 
tion. Evidence suggesting that within-S 
designs are necessary to obtain CS inten- 
sity differences in simple conditioning may 
be responsible for the neglect of this variable 
since investigation of within-$ CS intensity 
effects in differential conditioning would 
require a relatively complicated design in- 
volving more than one cue dimension. 

There are data, however, that indicate 
that CS intensity effects can be obtained in 
simple conditioning situations with between- 
S comparisons and therefore that between-S 
differential conditioning might also be re- 
lated to this variable. Although early in- 
vestigations of CS intensity in simple eyelid 
conditioning found no significant between- 
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Ss effect (Carter, 1941; Grant & Schneider, 
1948), later studies have found evidence for 
higher levels of performance with a more 
intense CS (Mattson & Moore, 1964; 
Walker, 1960). A major difference be- 
tween these two pairs of experiments was 
the interstimulus interval (ISI) used. dn 
the Carter and Grant and Schneider studies, 
the ISIs were 760 and 750 msec., respec- 
tively, while the ISI employed in the two 
more recent studies was 500 msec. Since 
the optimal ISI for single-cue conditioning 
is generally believed to be approximately 
500 msec., these results indicate that CS 
intensity effects are more likely to be ob- 
tained when the optimal ISI is used, and, in 
fact, a CS Intensity x ISI interaction has 
been obtained for simple acquisition in a 
within-Ss design (Lipkin & Moore, 1966), 
the greatest CS intensity effect occurring 
with the 500-msec. ISI. 

These results suggest that it would be 
fruitful to explore CS intensity and ISI 
factors in differential conditioning. In ad- 
dition, it has been suggested that CS in- 
tensity effects in eyelid conditioning are 
related to the contrast between the intensity 
of the CS and the intensity of the back- 
ground against which the CS is presented 
rather than to the absolute CS intensity 
(e.g., Moore, 1964). There has been no 
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Systematic investigation of this possibility, 
although such a finding could have theo- 
retical implications and be of methodological 
Importance as well since background noise 
levels have varied in studies investigating 
CS intensity. 
_ The present study was designed to inves- 
tigate the between-Ss effects of CS in- 
tensity, background intensity, and ISI in a 
design in which the three variables were 
orthogonal. With the loudness of CS+ and 
S— matched, tone and noise intensities 
Were selected such that there would be two 
S intensity increments above each of two 
background white noise intensity levels. 
Vith two ISI values orthogonal to back- 
Sround level and CS intensity increment, 
there were a total of four groups at each 
background intensity (65 and 80 db.), two 
for which CS+ and CS— were 5 db. above 
ackeround intensity and two for which 
CS+ and CS— were 20 db. above back- 
Sround intensity, With this design, CS 
Intensity or ISI effects could differ as a 
function of absolute CS intensity or as à 
function of CS intensity relative to back- 
Sround intensity. In the former case, dif- 
erences would be expected in comparing 
Sroups that had the same CS intensity m- 
Crements above background but different 
ackground intensity levels since such 
Soups would differ in absolute intensity. 
n the other hand, similar effects in groups 
With the same CS intensity increments 


above background but different a dee 
SYels, ie, no significant background effec 
i that absolute 


o f l 
T interactions, would imply t € 
> intensity and background intensity I 

icing those 


Were unimportant in prod 
effects, 
. The two levels of ISI were selected n 
include one value thought to be optimal far 
erential conditioning (800 sae) ae 
en shorter, presumably nonoptimal, V2 
500 msec.), 


M, ExprrtMent I 
ethod 
in Mbiects Ninety-six college students p 
Vers; course in introductory psychology pe I da 
orga, of Wisconsin participated | os 4 e 
Ta Sr to earn experimental “points. he enal 
“domly assigned to the eight expe 
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groups, with the restriction that each group con- 
tain an equal number of males and females. 

Apparatus—The study was conducted in a two- 
room mobile laboratory parked on the University 
campus. The S was seated in an ophthalmologist's 
chair equipped with an adjustable headrest and 
faced a movie screen on which silent films were 
shown throughout the experimental session. 

The sound system included two Hewlett-Packard 
ABR audio oscillators, each generating one of the 
two tone CSs, a Grason-Stadler white-noise gen- 
erator, which provided the continuous background 
white noise, and a  Grason-Stadler electronic 
switch permitting control of onset and offset char- 
acteristics of the tone stimuli. All tones had a 
"fast" rise and decay time (about 10 ysec.), and 
all auditory stimuli were presented binaurally to S 
through Sharpe HA-10A earphones. 

One of two white-noise levels was continuously 
presented to each S. The intensity values for 
these levels were determined by four judges who 
matched the loudness of white noise in the ear- 
phones to the loudness of free-field white noise 
of 65 and 80 db. (re .0002 dynes/cm"). 

The tone CSs were at one of two loudness levels 
above white noise, and again, the intensity values 
for these tones were based on loudness matching 
by the judges who matched the given frequency 
in the appropriate white-noise background to a 
1,000-Hz. tone at the required intensity above 
threshold. For example, to determine the in- 
tensity settings for the cell involving white noise 
at 65 db. and a CS intensity of 5 db. above white 
noise, the loudness of both an 800-Hz. and a 2,100- 
Hz. tone in a background of white noise at 65 db. 
was matched to a 1,000-Hz. tone at an intensity 
of 70 db. above threshold. The resulting intensity, 
then, was 70 db. SL. This procedure was fol- 
lowed for each background-intensity-CS-intensity 
combination except for the combination of 80-db. 
background and +20-db. CS intensity, where a 
value of 94 db., rather than 100 db., was selected 
on the basis of published equal-loudness contours 
(Stevens, 1951). Such a procedure was used so 
that the loudness differences between the +5-db. 
CSs and the +20-db. CSs would be equal at both 
background intensity levels. Judgments con- 
firmed this value insofar as the difficult difference 
j ents could 
i^ UCS was a puff of compressed air delivered 

ntensity of .75 psi 


the right cornea with an i 
al a duration of 100 msec. The CS and UCS 


terminated together. . . . 
Eyelid responses, both direct and differentiated 
signals, were recorded by the usual potentiometer- 


Y ement. 
polygraph arrange 2 
Intertrial intervals were 15, 20, and 25 sec., 


mean of 20 sec. All sound-generating and 
response-recording equipment and the mome pro- 
jector were located in a second room of the 
trailer, where a continuous background noise level 
was maintained in order to mask any equipment 


sounds. 


be made. 


with a 
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BLOCKS OF TEN TRIALS 


Fic. l. Percentage of CRs in blocks of 10 trials for the four ISI-CS-intensity com- 
binations summed across background intensity levels. (Each group contains 24 Ss.) 


Design and procedure.—The design of the study 
was a 2X2%X2 factorial. Conditions included 
two levels of ISI (500 and 800 msec.), two loud- 
ness levels of white noise (65 and 80 db.), and 
two relative CS intensity levels (5 and 20 db. 
above white noise). The two tone CSs, 800 and 
2,100 Hz. were presented in a Gellermann order 
such that no more than three presentations of the 
same tone occurred successively. For half of the 
Ss, the 800-Hz. tone was reinforced (CS+) and 
the 2,100-Hz. tone was not reinforced (CS—). 
For the remaining half of the Ss, these contin- 
gencies were reversed. 

After S had been seated in the experimental 
room, he was informed that the equipment was to 
be used to measure his reactions to certain events 
as these events occurred while he was watching a 
silent motion picture. He was to relax, watch 
the movie, and make no attempt to aid or inhibit 
his natural responses. The instructions made no 
mention of the puffs or tones to be presented. The 
headset and earphones were then fitted, and E 
left the experimental room and remained in the 
equipment room for the duration of the condition- 


ing session, during which each S was given 100 
trials of differential eyelid conditioning. 


Results 


The first pen deflection of 2 mm. or more 
(.67 mm. at the eye) occurring within the 
interval beginning 200 msec. after CS onset 
and ending with the onset of the UCS was 
scored as a CR. Although this procedure 
results in a 300-msec. scoring interval for 
the 500 ISI group and a 600-msec. scoring 
interval for the 800 ISI group, no correction 
for scoring interval length was made be- 
cause difference scores were analyzed and 
responding to both positive and negative 
cues might be expected to be similarly af- 
fected by random blink rates. 

An analysis of variance of these data was 
performed using difference scores summed 
over the last four blocks of trials and in- 
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cluding as sources of variance sex of S, ire- 
quency used as CS+, white-noise intensity 
level, ISI, and CS intensity. There was 
no significant effect of sex of S (F <1), 
frequency used as CS+ (F <1), or any 
of the interactions involving these factors. 
In addition, the data for the two background 
white-noise intensities were quite similar, 
with neither the effect of white-noise back- 
ground intensity (F <1) nor any of the 
interactions involving this factor significant. 
Figure 1 shows the percentage of CRs in 
blocks of 10 trials for the four ISI-CS- 
Intensity combinations that resulted when 
Stoups were combined over all nonsignifi- 
cant factors. Each group contains 24 Ss. 

The ISI x CS Intensity interaction, ap- 
Parent in Fig, 1, was confirmed by the 
analysis, F (1, 64) = 4.51, p < 05. Subse- 
quent ¢ tests indicated better discrimination 
by the 800 ISI group at the +20 CS inten- 
Sity level than by the 500 ISI group at the 
Same CS intensity level, ¢ (64) = 3.14, p< 
O1. There was no ISI difference at the +5 
CS intensity level, ¢ (64) — 13, p> 10. 
"either the CS intensity deer, at E 

Or the 800 ISI value was significant, 
(64) = 1.64, p> 10; t (64) 2136, p> 
-10, Tespectively, although the difference at 
the 500 IST level approached the .10 level. 

n order to distinguish voluntary form 
responders (Vs) from nonvoluntary form 
"esponders (Cs), conditioned responses 
Were scored according to the time-deriva- 
ive criterion suggested by Hartman me 

Oss (1961), Two separate nisse 

Means analyses of variance, including IS 
and Cs intensity as sources of variance, 
Were carried out over the summed difference 
Sores for the last four trial blocks he 
j termine whether the ISI x CS ard 
nteraction previously observed was spec! P 
: Other the V or C groups. Rese 
(So found a significant CS Intensity A = 
teraction for Cs, F (1, 66) = 5.85, sol 
n ru but only a significant ISI mam e 
Vs, F (1,22) = 24.38, p < 001. 


Discussion 

age Exp. I there was no evidence = 
afk ute intensity of the white-noise bac eim 
“ted the final level of differential p 


ance, and the absence of Background Level x 
CS Intensity interaction leads to the conclu- 
sion that the CS intensity interaction was a 
function of CS intensity relative to background 
level rather than to absolute CS intensity since 
tones heard above 80-db. white noise were of 
a greater absolute intensity than tones heard 
above 65-db. white noise. 

There was no difference in differential con- 
ditioning between the two ISI groups at the 
+5 CS intensity level, but significantly better 
differential performance by the 800 ISI group 
as compared to the 500 ISI group at the 4-20 
CS intensity level. There was also a mar- 
ginally significant difference, for Cs alone, be- 
tween the two CS intensity groups at the 500 
ISI level. In this latter case, the effect is in 
the opposite direction to what might be pre- 
dicted since the group differentially conditioned 
to stimuli of greater intensity relative to the 
background showed poorer differential perform- 
ance than the group differentially conditioned 
to stimuli less intense relative to the back- 
ground. 

These results suggest an interpretation based 
on the onset characteristics of the CS pair. 
Since the tones had a "fast" rise time and 
since the earphones would not be expected to 
follow such an onset, transients heard as a 
“click” would be expected at the onset of the 
tone. These transients would be similar for 
both CS4- and CS— and could tend to increase 
the similarity of the two tones, especially if the 
tone onset and its transient artifact character- 
istics were the major effective conditioning 
cue. If it can be assumed that these transients 
are masked by the white-noise background and 
if the degree of masking is greater when the 
tone and the white noise are close together in 
intensity, then it would follow that the two 
cues were more alike for the +20 CS intensity 
groups than for the +5 CS intensity groups. 
Under these circumstances, discrimination on 
the basis of frequency would be more difficult 
at the +20 CS intensity level. ] ; 

Assuming that there is some time require- 
ment for the inhibitory or perceptual processes 
that are presumably necessary for differential 
responding, the significant difference between 
the two ISI groups at the +20 CS intensity 
level follows. Although the masking effect of 
the white noise and the onset characteristics 
of CS+ and CS— were the same for the two 
groups, the lengthened ISI may have permitted 
the necessary discrimination. processes and 
therefore differential responding to the two 


tones to occur. 
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At the 500 ISI level, the difference between 
the two CS intensity groups indicates that as 
relative CS intensity is increased, differential 
performance becomes poorer, presumably due 
to a decrease in the masking of onset transi- 
ents. When the same comparison is made 
at the 800 ISI level, however, the difference is 
no longer apparent. Again, it appears that at 
800 ISI, the time interval is sufficient to allow 
the +20 CS intensity group to differentially 
respond before the end of the scoring interval. 

While the interpretation in terms of the 
masking of onset transients is admittedly specu- 
lative, it appears to fit the data well and is 
plausible in view of Wickens and Wickens 
(1942) demonstration that stimulus rise time 
can be an effective conditioning cue. Manipu- 
lation of the transients by variations of the rise 
time of tones presented against a background of 
white noise should lead to results similar to 
those of this study, particularly when the 
shorter ISI is used. 


ExPERIMENT II 


In order to investigate the relationship 
between CS onset characteristics and ISI 
suggested by the results of Exp. I, a sec- 
ond experiment was designed using two 
levels of ISI and two values of rise-decay 
time for the tone CSs. Having assumed 
that the onset Characteristics of the CS are 
a critical factor in differential responding, 
(t was expected that reducing the onset 
transients by means of increasing the CS 
rise-decay time would lead to improved 
performance at the short ISI (500-msec.). 
No appreciable effect would be expected at 
the longer ISI (800-msec.) since it was 
predicted that here the increased time be- 
tween stimuli would allow S to compensate 
for stimulus onset similarities and to dif- 
ferentially respond before the end of the 
scoring interval. Only +20 CSs were used 
in Exp. II because at the +5 CS intensity 
level, onset transients were assumed to be 
masked already by the background white 
noise to such an extent that the onsets of 
CS+ and CS— were not highly similar. 


Method 


Subjects.—Forty-eight college students enrolled 
in introductory psychology participated in Exp. II 
in order to earn experimental "points." The Ss 
were randomly assigned to the four experimental 
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groups, with the restriction that each group con- 
tained an equal number of males and females. 

Apparatus—The study was conducted in a 
three-room laboratory suite, which allowed two 
Ss to be tested simultaneously, Each S was 
seated in an ophthalmologist's chair in a separate 
room and faced a movie screen on which silent 
films were shown throughout the experimental 
session. 

The sound System included the same types of 
components described for Exp. I and was cali- 
brated in exactly the same manner by a different 
group of four judges. The procedure was similar 
to that used in Exp. I, with the exception that 
the mean intertrial interval was 15 sec. The UCS 
was of the same intensity and duration used in 
Exp. I, and the CS and UCS terminated together. 

Response recording equipment was the same as 
that used in Exp. I and, along with the sound- 
Benerating apparatus, was located in a separate 
room. 

Design and brocedure.—The design of Exp. II 
was 2X 2 factorial, with conditions including two 
levels of ISI (500 and 800 msec.) and two values 
of rise time (“fast” and 50 msec.). The two tone 
CSs were 800 and 2,100 Hz. and were presented 
with an intensity of +20 db. against background 
white noise at 65 db. The order of CS+ and 
CS— trials was the same as that used in Exp. I, 
and the same counterbalancing procedure for the 
frequency of CS+ Was used. After receiving the 
instructions Previously described, each S was 
given 100 trials of differential eyelid conditioning. 


Results and Discussion 


Records were scored according to the 
same criteria used in Exp. I, and Fig. 2 
shows the percentage of CRs in blocks of 10 
trials for the four ISI-rise-time combina- 
tions. Each group contained 12 Ss. Dif- 
ferences predicted at the outset of the ex- 
periment were tested by means of ¢ tests. 
As expected, the 800-ISI-fast-rise-time 
group performed better than the 500-ISI- 
fast-rise-time group, t (22) = 2.52, p < 01, 
replicating the results of Exp. I. There 
was no difference between the two rise-time 
groups at the 800 ISI level, ¢ (22) = 28, p 
> .10, but at the 500 ISI level, as predicted, 
the slow-rise-time group performed better 
than the fast-rise-time group, £ (22) = 228, 
p < .025, 

The time-derivative criterion was used to 
separate Vs from Cs, with the distribution 
of Vs as follows: 500-slow, 9; 500-fast, 6; 
800-slow, 4; 800-fast, 4. However, results 
for these two groups were not analyzed 
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combinations. 


Separately because of an unusually large 
Number of Vs in the 500-ISI-slow-rise-time 
8roup. Two more groups of 12 Ss each 
Were tested at the 500 ISI under slow and 
Ast rise time in order to obtain a larger 
Number of Cs in those two conditions. 
With the additional Ss, there were 11 Cs 
in the fast-rise-time group and 10 Cs in the 
Slow-rise-time group. A f test indicated 
hat for Cs alone, slow rise time led to more 
t erential responding than the fast see 
me, # (19) = 230, P <- 25. For the ex- 
Panded V groups, there was "9 difference 
x ren the two levels of rise time, t (21) 
7,69, p > .10. E | 
i he finding that an increase 1n ege 
me of auditory CSs leads to improv = (à 
nop tal performance at the. short 2 - 
t at the long ISI is entirely consiste 
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BLOCKS OF TEN TRIALS 
ocks of 10 trials for the four ISI-CS-rise-time 
(Each group contains 12 Ss.) 


with the expectations based on the outcome 
of Exp. I. Presumably, increasing the rise 
time of tone CSs reduces the similarity be- 
tween CS+ and CS— onsets by reducing 
onset transients in cases where CSs are 
sufficiently louder than the background for 
transients to be present when rise time is 
uncontrolled. It is obvious, in Fig. 2, that 
this manipulation brings the 500-ISI-slow- 
rise-time group to the same level of differen- 


tial performance found in either of the two 
800 ISI groups, suggesting that there is a 
trade-off between CS onset characteristics 


and ISI. 
It is possible that the intensity, rise time, 
and ISI effects observed in the present 
are related to the orienting response 
Relationships between 
ioning have been postu- 


studies 
(OR) processes. 
the OR and condit 
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lated (Sokolov, 1963), and OR components 
have been found to be related to tone in- 
tensity and the onset characteristics of pure 
tone stimuli (Graham & Jackson, in press). 
However, the nature of the relationship be- 
tween the OR and conditioning has not been 
specified to such an extent that the results of 
the present studies can be interpreted within 
such a framework. 
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RELATIONS BETWEEN THE SENSORY REGISTER AND 
SHORT-TERM STORAGE IN TACHISTOSCOPIC 
RECOGNITION? 
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University 
A partial report procedure was used 


report elements of a set o! 
location, color, or class (letters 


differential loss of information as a 


failure to transfer some of the i 
short-term storage. The benefit of 
affected by delay, and consequent 
short-term storage system an 


. Upon presentation, a stimulus is encoded 
in a sensory register (SR) where it exists 
for a brief interval before decaying. The 
Contents of SR are recoded into different 
forms and some of the contents are put into 
Short-term storage (STS) and eventually 
Into long-term storage; the information that 
is not recoded into STS is apparently lost. 
Maintenance of information in STS is in 
Part a function of control processes such as 
Strategies and the like, while loss of infor- 
mation from SR is a function of structural 
Properties of the system (Atkinson & Shif- 
frin, 1968). The experiment reported here 
examines some of the structural aspects of 
and some control aspects o TS. : 

In one of the original perceptual experi- 
ments on sensory storage, Sperling (1960) 
Presented alphabetic and alpha-numeric ma- 
terials tachistoscopically. The items were 
arranged in a matrix such that E could re- 
quest report of any one of several rows. 
he report cue was an auditory signal pre- 
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in which groups of Ss were required to 


f stimuli according to one of three attributes: spatial 
and numbers). 
function of delay of report, presumably a 
nformation from the sensory register to 


The results indicate 


partial report over full report was not 


ly this effect seems to be the result of the 
d not of the sensory register. 


cate that S was able to report proportionally 
more items when asked for part of the array 
than when asked for the entire array and 
that accuracy decreased with increasing de- 
lay of the auditory signal and reached 
asymptote around 200 msec. This asymp- 
tote suggests that a processing mechanism 
operates within a finite time period (see 
also Estes & Wessel, 1966) and because 
of this time limit, information held in SR 
but not processed is lost, presumably as a 
result of neural decay. 

A series of studies by Dick (1967), how- 
ever, suggest that not all types of informa- 
tion are subject to decay ; specifically, a dis- 
tinction should be made between spatial 
and identity information. In two of these 
experiments, Ss were shown two rows of 
letters. A partial report procedure was 
used in the first experiment, in which Ss 
were asked to report the top row, the bottom 
row, or both rows on a given trial. A coded 
auditory cue indicated to S which way to 
report the material; this auditory cue was 
presented at various intervals after the ex- 
posure. The results indicate a significant 
decrease in accuracy with increasing delay 
of the cue. In a second experiment, Ss 
were shown the same materials, but al- 
ways were asked to report both rows. An 
auditory cue was used to indicate to S when 
he could begin to report the material. In 
other words, in the first experiment the 
auditory cue indicated what row and when 
to report, but in the second experiment the 
cue indicated only sehen to report. Tn con- 
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trast to the first experiment, there was no 
effect of delaying report for the letter mate- 
rial The difference in the results can be 
explained in terms of the information that is 
extracted. For the first experiment, spatial 
information is important because S had to 
report according to spatial location (row), 
while in the second experiment spatial in- 
formation is not crucial because S always 
had to report the entire display. Thus, the 
data suggest that one should make a distinc- 
tion between types of information to be 
processed. 

The experiment reported here uses a par- 
tial report technique to assess differences 
in processing for several types of informa- 
tion. This was accomplished by arranging 
the stimulus materials such that several 
groups of Ss could be asked to report using 
different attributes of the same stimulus 
array; however, over a series of trials, all 
groups reported the same items, 


METHOD 


Subjects—The Ss were 72 undergraduate arts 
students taking an introductory course in psychol- 
ogy at the University of Waterloo; participation 
fulfilled a course requirement. Colorblind Ss were 
excluded from the experiment. 

Stimulus materials —Eight letters (ADELMRS T) 
and eight digits (2-9) were used. Each stimulus 
Card contained four letters and four numbers ar- 
ranged in two rows of four, with four of the ele- 
ments colored red and four of the elements colored 
black. The stimuli were made by placing Letraset 
Instant Lettering (Style 287) on white cards. 
The size of each item was ! in. high and approxi- 
mately 4 in. wide, with the overall angle sub- 
tended by the display being 4.0? horizontally x 
2.0° vertically. The possible combinations of items 
by color by position ((3) e (2) * 2 8) is large 
and obviously it was impractical to use all com- 
binations. Instead, four sets of 18 stimulus cards 
were systematically prepared to incorporate ex- 
amples of all combinations of identity by color by 
position. In all four sets, an item appeared in 
each of the eight possible positions at least once 
and in both colors approximately equally often, 

Each of the four sets was randomly divided into 
three groups of 6 cards; the first third of each set 
was combined to make Block 1, the second third 
into Block 2, and the last third into Block 3, 
Within each of the three blocks the cards were 
randomized. In addition, 12 stimulus cards, 3 
examples of each of the four sets of materials, 
were prepared for practice trials. , 
Presentation of the materials.—The stimulus 
materials were presented in a Gerbrands mirror- 
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type tachistoscope. Field 1 of the tachistoscope 
was used to present a small black fixation point. 
This fixation point appeared centered between the 
rows of the stimulus materials, and midway be- 
tween the second and third items. The stimulus 
cards were presented in Field 2. The luminance 
of Field 1 was about 3.8 ftL. and that of Field 2 
was about 3.4 ftL. Field 1 was illuminated at all 
times except when Field 2 was exposed. In other 
words, a light-light-light Cycle was used; use of 
such a cycle was intended to reduce the possibility 
of after-images. The exposure duration was 50 
msec. (Preliminary research had shown this 
duration to yield accuracy of about 5096 for eight- 
item displays.) A verbal "ready" indicated the 
start of a trial. 

In addition to controlling the duration of ex- 
posure, the tachistoscope timers controlled an audio 
oscillator which produced three tones of 1-sec, 
duration which were used to instruct S how to 
report the stimulus material, A high tone (1,000 
cps) indicated that 5 should report half of the 
items, a low tone (200 cps) indicated that S$ should 
report the other half of the array, while an in- 
termediate tone (400 cps) indicated report of the 
entire display. The interval between the offset 
of the visual array and the onset of the tone was 
varied from —850 to +850 msec. Eight different 
intervals were used: —850, —450, —50, 50, 250, 
450, 650, and 850 msec. 

Within the experiment, each S received several 
randomized blocks of the delay-instruction condi- 
tions. The order in which the cards were pre- 
sented was always the same; to minimize the ef- 
fects of practice, the order of the delay-instruction 
conditions was randomized within each block and 
then counterbalanced across Ss in that group. 
Furthermore, the settings of the timer and the 
oscillator were changed on every trial, even when 
the next trial involved the same settings, 

Procedure—The Ss were randomly divided into 
three groups. Group 1 verbally reported the mate- 
rial by spatial location: the high tone indicated 
report of the top row, the low tone indicated report 
of the bottom row, and the intermediate tone indi- 
cated report of the entire display. Group 2 
verbally reported the material on the basis of 
color: the high tone indicated report of red items, 
the low tone indicated report of the black items, 
and the intermediate tone indicated report of the 
entire display. Group 3 verbally reported. the 
material by class of stimuli: the high tone indi- 
cated report of letters, the low tone indicated re- 
port of numbers, and the intermediate tone indi- 
cated report of the entire display. Each mode of 
Teport condition was used at each of the eight delay 
intervals, giving a total of 24 delay-mode combina- 
tions for cach group. Each S was given 72 trials, 
three randomized blocks (replications) of the 24 
delay-instruction combinations. In addition, each 
S was given 12 free recall practice trials prior to 
the experiment, 
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fe analysis —Using the number of 
Ns correctly identified on each trial 
{without regard for position), the data from 
an Main experiment were entered into an 

alysis of variance (Groups X Mode of 
"EL x Replications X Delay) ; this 
difr Ysis indicated that the groups did not 
` er significantly (5 = .203) The main 

ects of mode of report, replications, and 


b all produced significant effects (P = 
01), as did the Mode X Groups and Delay 
002. A 


ie interactions (p< ai e 
Out t r of additional analyses m ex 
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AI The primary evidence e s 
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(In the legend, T-B-F repre- 


formation from SR. To test this, the post- 
exposure data only were entered into an 
analysis of variance/trend analysis (Groups 
x Mode of Report X Replications X De- 
lay). This analysis indicated a significant 
effect of delay (p = .046) and a significant 
linear trend (p = .005). To examine this 
effect in more detail, separate analyses were 
applied to the postexposure data for each 
group. On the basis of the trend compo- 
nents of these analyses, the differential ef- 
fects of delay shown in Fig. 1 were quite 
clear-cut : there was no linear trend for class 
of item report ($ = .812), a borderline ef- 
fect for spatial report ($ = .061), and a sig- 
nificant linear trend for color (p = .012). 
Thus, there was no evidence for a loss of 
class-of-item information, a hint of a loss of 
spatial information, and a more clear-cut 
loss of color information. 

Superiority of partial report.—A. portion 
of the significant effect of mode of report is 


a result of comparing accuracy on the par- 
tial report trials where only four responses 
were possible with accuracy in full report 
where eight responses were possible. Mode 
of Report x Groups interaction, however, 
indicates that other things may be occur- 


ring, and therefore a comparison of the ac- 
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curacy for the report conditions should 
provide additional information. about the 
mechanisms involved. That is, one can 
examine the superiority of partial report 
over full report; this is done by summing 
the number of correct responses for each of 
the two partial report conditions and com- 
paring this sum to the accuracy in full re- 
port. For example, in the spatial report 
group the means at 650 msec. were 2.67 for 
the top row and 1.71 for the bottom row. 
The sum of these two conditions, 4.38, was 
then compared to the accuracy for full re- 
port, which in this case was 3.19. The two 
partial report scores for each S in each 
group on each trial were summed and then 
compared to full report in an analysis of 
variance for each group independently. 
For all groups, partial report accuracy 
was higher at all intervals than full report 
accuracy ($ —.001); however, none of 
the Mode of Report x Delay interactions 
were significant. The superiority of partial 
report in the class condition was of particu- 
lar interest since this is apparently not 
consistent with the findings of other inves- 
tigators (e.g., Beach & Bryden, 1963; Sper- 
ling, 1960). Neither of these previous ex- 
periments, however, employed delayed full 
Teport conditions, and hence, the present ex- 
periment provides a more precise estimate 
of the benefit of partial report. These 
results have implications for the way in 
which information is handled in STS and 


because of the magnitude of the effect, it is 
likely that in 


rence due to rehearsal. 
Scussed in more detail 


Other effects.— Another Comparison that 
can be made is between the partial report 
conditions within each Sroup. Such a com. 
parison reveals that accuracy for (a) the 
top row is reported significantly higher than 
the bottom (5 —.001); (b) req is sig- 
nificantly higher than black (5 = 001): but 
(c) letters are not significantly different 
from numbers (5 — .066). However, only 
for the spatial condition is the interaction 
between the two modes of partial report and 
delay significant (p = .004). Assuming 
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that the elements are processed from left- 
to-right and top-to-bottom, the spatial infor- 
mation for the bottom right element in the 
display would suffer more decay because it 
would be processed last, if at all. For ex- 
ample, if the tone occurred early, the bottom 
row could be processed before decay was 
complete ; however, if the tone occurred late, 
decay would already have taken place. 
Therefore, the bottom row should show 
greater effects of delay than the top row; 
the significant interaction Supports this in- 
terpretation. 


Discussion 


In summary, groups of Ss were asked to re- 
port by spatial location, color, or class of ma- 
terial, using a partial report procedure; three 
main findings were Observed. (a) Decreases 
in accuracy with increasing delay were ob- 
served postexposurally for Spatial report and 
ior color, hut not for class report. (b) Ac- 
curacy was always higher for partial report 
than for full report. (c) There is a bias ob- 
served in all groups favoring the top row, red 
items, and to some extent letters, as well as 
greater accuracy on Preexposure cued trials. 

Atkinson & Shiffrin (1968) have proposed a 
three-stage model of memory which can be 
employed to account for the present findings. 
ree stages are (a) a sensory 
register (SR) in which information is repre- 
sented in photographic-like form, (b) a short- 
term storage (STS), and (c) a long-term 
storage. Information decays from SR and 
STS; however, the form of representation dif- 
fers for the two. A visual stimulus in SR 
might be represented in a visual code, while in 
STS the same stimulus might be represented in 
an auditory code. Although little is known 
about the structural properties of the first two 
Stages and the interrelations between stages. 
the present experiment together with other data 
can be used to provide some hints about these 
mechanisms. Following Atkinson and Shiffrin, 
Structural properties are first discussed and 
then control processes. 

Structural properties.—One of the problems 
in understanding the relation between Stages of 
Perceptual processing is the lack of consistency 
in results of experiments employing different 
kinds of stimuli. An experiment pointed at 
the resolution. of some of the inconsistency 
Shows that more familiar 2-order approxima- 
tions to English are transferred from SR 


RELATIONS BETWEEN SENSORY REGISTER AND STORAGE 


(iconic memory) to STS faster than are less 
familiar 0-order approximations (Mewhort, 
Merikle, & Bryden, 1969). While the specific 
Mechanisms are not fully understood, these 
data are clear in showing that the rate of 
processing varies as a function of the stimulus 
input. If one is willing to assume a parallel 
between sequential information and structural 
information, then the postexposure delay dif- 
ferences in the present experiment between the 
color, spatial, and class-of-item report groups 
can be easily understood. 

In the present experiment, all Ss were re- 
quired to report identity information in free 
recall. It would seem reasonable that this type 
of information should be transferred at the 
Same rate for all groups. However, the groups 
differ in the type of additional analysis that 
Must be carried out, The class-of-item group 
Must first identify or name the item before 
Classifying it. As such, class of item is derived 
information, not stimulus information. This 
Interpretation is supported by the reaction time 
data of Posner & Mitchell (1967). Im their 
experiments they showed that reaction time for 
Same-different judgments is longer when S 
'S asked to make the judgment on the basis of 
YOwel-consonant than when made on the basis 
9f names of the items. . 

By contrast, in the other two groups. spatial 
and color report, Ss were asked to respond on 
the basis of physical aspects of the stimulus. 

he additional requirements of physical in- 
Ormation should require more processing Per 
Clement and therefore slow the rate of process- 
ing? A slower rate of processing would be 
reflected in a lower level of accuracy 7n effect 
that was found, although these differences wert 
by no means statistically significant. n 
importantly, however, one would expect dif- 
erential effects as a function of postexposure 
lelay at the report cue, an effect that was m 
tistically significant. This latter effect can 
*Xplained in the following fashion. "- 
. First, the added requirement of physica 
information (color and spatial) would requ = 
Additional processing of transfer time p 
ay not appear to hold 
other factors also have 


in the spatial 


on While this argument m 
to M prior cue pud oit: 
cons For exa h 
condition su da cue 850 msec. pror ko 
n Posure, S has ample time to move his ally 
' appropriate row. This explanation ial condi- 
"ported by the interaction for the st i 


This 
On of 4] report by delay. 
lé ng the modes of partia explanation of the 


however, a complete r, 1966). 
Pre- and postcuing differences (eg, Haber, 
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element. Second, both physiological estimates 
(e.g, Kooi & Bagchi, 1964) and behavioral 
estimates (e.g. Sperling, 1960) suggest that 
the total processing time available is about 
250 msec. Based on the Mewhort et al. 
(1969) data, processing time per letter is about 
20-30 msec. (for O-order) and thus all of the 
identity information could barely be transferred 
within this interval. In fact, for the class 
report group, identity would be the only in- 
formation that would be necessary from SR. 
While it would be necessary for S to classify 
the item after he identified it, this could be ac- 
complished in STS after transfer had occurred. 
Since it is possible that S could transfer all of 
the items on the basis of identity before com- 
plete decay occurred, no decrease in accuracy 
should be observed. When either spatial or 
color information is added to this requirement, 
processing time per element must necessarily 
be longer, and therefore the total time needed 
would exceed the period available: hence one 
would obtain a decrease in accuracy. In other 
words, the more information that must be 
processed per element, the longer the time re- 
quired to do the processing, and therefore the 
time required to process a constant number 
of items would increase with a consequent de- 
crease in accuracy under the present conditions. 

It is relatively clear that S will process ele- 
ments in a left-to-right, top-to-bottom manner 
in the absence of other instructions (e.g., Dick. 
1967; Mewhort et al., 1969). Furthermore S 
does not appear to wait for the report cue be- 
fore he begins to process, otherwise accuracy 
would be zero for long delays: and therefore, 
under partial report conditions, sometimes 5 
will process the "wrong" elements. Consider, 
eg, the case in which the cue indicates re- 
port of the bottom row and occurs at 450 msec. 
after the exposure. The S would have proc- 
essed identity and location for most of the 
elements from the top row and for a few ele- 
ments from the bottom row. Because decay 
would be complete by the time the tone oc- 
d. S would be unable to carry out further 
processing and would have to report whatever 
he had been able to process from the bottom 
row. This is reflected in the main effect of 
mode of report and the Groups X Mode of Re- 
port interaction. The difference between par- 
tial report cues within each group of Ss seems 
as on scanning in transfer, By 


to be due to a bia a 
contrast, the differential accuracy between 


groups seems to be due to a finite time limit on 
= ` : : 
ng and differential rates of processing. 


curret 


processit 
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Control processes.—According to Atkinson 
and Shiffrin (1968), control processes include 
strategies such as set or attention and rehearsal 
which they define simply as anything that 
postpones decay of information from STS. 
Several of the findings in the present experi- 
ment are relevant to a discussion of control 
processes. For example, one apparent simple 
Strategy of each S in the present experiment is 
that he will look at the top row and report that 
first, and he apparently attends to the red items. 
Such an effect seems to be due to both familiar- 
ity and specific experience with the material 
(Bryden, Dick, & Mewhort, 1968). 

The benefit of partial report can be inter- 
preted in terms of control processes operating in 
STS for three main reasons. First, the benefit 
of partial over full report was observed in the 
letter-number report condition even though no 
loss of information was observed. Second, 
while one might want to attribute the benefit 
to differences in output interference, the data 
of Dick and Mewhort (1967) provide no con- 
sistent evidence for the notion of output inter- 
ference. Third, the benefit Occurring after 
asymptote cannot be attributed to SR because 

information in SR should have decayed com- 
pletely. „That is, if SR were responsible for the 
superiority of partial report, one would expect 
either an interaction of accuracy in partial and 
full report with delay or one would expect a 
nonlinear effect because of transfer from SR 
to STS. Clearly, there is no evidence that the 
benefit of partial Teport is a function of timing 
of the report cue either Prior to or after the 
exposure; therefore it is consistent to suggest 
that a mechanism is involved that is different 
from the one responsible for the decrease in ac- 
curacy with postexposure delay. Following 
from Atkinson and Shiffrin (1968), such a 
mechanism might be rehearsal in STs; 

Rehearsal could influence the benefit in the 
following way: By specifying the items to be 
reported, S no longer has need of the re- 
maining items, need not rehearse them, and 
therefore can allow them to decay from STS. 
Since these items no longer need to be re- 
hearsed, more rehearsal time can be devoted to 
maintaining the items that are needed. This 
aspect of STS could influence partial report 
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accuracy through a reduction in memory load, 
Le. with fewer items to keep track of, loss of 
information from STS would be considerably 
reduced and hence accuracy should be propor- 
tionally higher. This interpretation does not 
necessarily deny the possibility of rehearsal in 
SR or during transfer. However, it is not 
clear how such rehearsal could account for the 
differential effects of delaying the report cue. 
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ARBITRARY CVC HIERARCHIES LEARNED BY 
PAIRED-COMPONENT PRESENTATIONS' 


EDWARD J. CROTHERS ? 


University of Colorado 


The Ss learned sets of eight statements of the form “An A is a type of B,” 
where A and B were CVC syllables. Although the statements were presented 
serially, each set embodied a hierarchial organization, representable as a tree 
Recognition learning was faster when the presentation order 
levels on successive trials than when the order 
bordinate-superordinate tree paths. Also, more 
e two doubly reinforced statements on each cycle 
dinate CVC than when they involved an inter- 
no dependencies were found between the 
to the same horizontal level or 


graph. 
grouped horizontal tree 
reflected the vertical su 
learning occurred when th 
involved the most superor 
mediate-level CVC. However, 


learning of different statements pertaining 


vertical path. 


Verbal hierarchies have been studied in 
Order to determine how familiar words are 
Organized in memory (Deese, 1965, pp- 
154-156: Mandler, 1968, p. 113; Miller, 
1967) and retrieved from it (Bower, Clark, 
Lesgold, & Winzenz, 1969). But the origi- 
nal learning of a hierarchy has seldom been 
vestigated. In the present experiment, 
the aim was to investigate acquisition using 
@ hierarchy whose graphic form is a tree 
(see F ig. 1). Each tree contained seven 
Nodes, and each node name was à 

n arrow from, e.g., SUR to PIL means that 

is to learn some hypothetical relation be- 
tween sur and rr. This experiment in- 
volved only one relation, “is a type O- 
panstead of displaying all ne 

€e = h, inio: 
concurrently as a grap ^ DUC andes 


Y 3 
bs Presented about one pair 0 € 
at a time in order to see how learning E 


Pends on the serial order and frequency = 
Dresentation. These two variables son k 
: : " 
&CScribed best by defining La gs 
Paths,” and “levels” of the Fig. ot 
ach pair of nodes joined by 9? M 
Orms a (directed) subpath. A single ser 
Presentation corresponded to one stl opar 
Or example, on a reinforced trial for 
supported by, @ 
h and Creative 
and is re- 
he Institute 
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Dorteq of the University of Colors J 
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2 we Study of Intellectual Behavior. er 
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Tothers, Department of Psychology, 
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Olorado, Boulder, Colorado, 9UJ*7 viis 


— PIL, S saw the statement "A SUR is ; 
type of PIL.” (Each statement may be re 
garded as an S-R pairing, SUR-PIL in thi 
case.) A path is a unidirectional sequenc: 
of two subpaths, e.g., from suR to CUF bu 
not from sUR to FAM. A level is any one o 
the three horizontal rows of the graph. I 
brief, the presentation orders correspondec 
to different ways a person might “scan’ 
Fig. 1. One way is to proceed path by path 
going left to right between paths and, eg. 
upward within each path (e.g, SUR — PIL 
PIL— CUF, FAM — PIL, PIL— CUF again 
..., HAV— CUF). Another way is to go 
level by level, moving left to right within 
els and either upward (SUR — PIL, FAM 


lev 
—> PIL, BOL— HAV, .. « , HAV — CUF) or 
downward (PIL— CUF, HAV— CUF, .. .; 


pEP > Hav) between levels. Another pos- 


CUF 

PIL HAV 
: 

Fa ia ri 

y 

/ / 
j 
SUR FAM BOL DEP 


Fıc. 1. Graph of a typical hierarchy. 
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TABLE 1 ular tree (Cycles 1-3, 4-6, or 7-9) was counter- 
UENCY AND SERIAL ORDER balanced over 5s. 
FORCED CYCLE Materials—The otl 


PRESENTATION Fi 
ON AR 


Group CVC syllables as node names, Criteria for select- 
ing the seven CVC Syllables to Serve as node 
Subpath em I = “ee leas names for a particular tree were that the Glaze 
Du = association value be 93-100% and that no two 
lower syllables have the Same initial or final consonant. 
Left » Assignment of CVC names to nodes was the same 
SUR — PIL 1 1 5 3,5 for all Ss and Was random save for two restric- 
FAM — PIL 2 3 6 4,6 tions: The vowel member of the name was not the 
BOL — HAY 3 a f 7 same for any two nodes joined by a subpath; and 
í A 4 1 8 8 the name of the topmost node shared no letters 
Upper with the name of the topmost node in the other 
Left two trees. 
PIL — CUF 5,7 | 24 | 13 1 Each tree had six subpaths, so there Were six 
Right " membership Statements of the form "An X is 
HAV > cur 68 | 68 | 24 $ type of Y,” where X and Y are CVC syllables, 
Note Nid an o trial number(s) within For cach tree, the recognition test answer sheet 
gach eight-trial cycle. For Group Ry a ma 


w random order was Was a 7X 8 matrix, with row and column headings 
used with each cycle and S. 


typed in, but cell entries left blank. Row head- 


WE ó 4 a mgs, and likewise colum adi the seven 
sibility is a random Order. An inherent c à om, aadings, were the sever 


ty of the “paths” d 11 VC names in a random order, which varied from 
Property of the “paths” or er, and hence a the next but was identical for all 
ras headed by the word 


t thought a particular CVC was 
the four lower level sub. SUL 4 type of 


"oL any oth VC, he could so 
Baths: nes T s tation f indicate, d rag 
B 9 examine presentati - ” "n 1 
e 1 T 5 prese tat on ire : Procedur e—Each $ was run individually. The 
quency, another levels condition was initial 


; i instructions 
added in which the repeated su 


verged on a subordin: 
and FAM —, PIL) rath 
ordinate node CUF., 


rt included demonstrations with 

bpaths con- a tree having the same graph structure as the 
ate node (SUR. pr, trees used in the experiment but different pes 
er than on the super. "mes. He was told, eg., that "A pez is a mie 
ni A statement of class membership, Jus 

like the Statement “Psychology is a type of scl- 
> Except that the CVC statement describes a 


oncurrent testing of all purely hypothetical relationship, He was in- 

items so as to minimize effects of the testing  Firucted to remember “What is a type of what.” 

order itself (Norman & Waugh, 1968), ach reinforced cycle consisted of eight trials, six 

d Plus the two rcbeated subpaths in the Table 1 

Mernop nals br ebr after the eighth trial, a test 

en j yas 

Design.—There were five groups of Ss each anded a blank ek Pep qe 
Serving under a combination o. 


i e in the (i, j)th cell if he 
but with three re- thought that the CVC na t i i 

y di med by the Row i heading 

inforcement test Cycles per C tree, and with Was “a type of” the CV died by the Column 


two extra resen the Broups, t| cell if } th l y as to check the (i, none) 
ions u ne thou, a a 
W p tations on each rei Ds, the ght the ith C 7C A 


reinforced cycle any other CVC, and he y heck as 

i i vas allowed to chi 
involved. the ruperorditiate Cvc; $8, one was many columns as he wished. Reinforced cycles 
alternated with test i f each had 

i i uui 5t cycles until three of ca 
n eu designated according to their Presenta- Occurred per tree, then repeating with a second 
1 *^ [^ WA eria "s The “is a ‘ype of" statements were presented 
aaa a a p Orcements Der cycle serially by means of a Kodak Carousel slide pro- 
ate Sar Th LD cles SEs Stk rtp and  jector, Time intervals were 5-sec. exposure per 
ARI 2 BU a ornen used, so this reinforced trial l-sec. interexposure interval, and 
group is called subtree, levels down” 2 min. per test cycle : 
P cycles - B ubjects.—Ninety students from an introductory 
x bad und trees, Psychology class participated in the experiment as 
of receiving 4 Y Part of a course requirement. Assignment of Ss 
iC- to groups Was random except that each group con- 


conditions were constant oy 
Hence the Table 1 illustrati, 
these conditions. The order 
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tai . n 
pe 18 Ss, and no group was assigned its n+ 
à until every group had received its nth S. 


RESULTS 

fae eral decisions had to be made about 
of ves score the data. When = is a type 
or cw. pa 1s a type of Z,” Ss might have 
ge ed with "X is a type of Z" since they 
.* not instructed either way on this 
Poit. Based on the 162 (18 Ss X 9 cycles) 
due diBiong of each test stimulus, the rela- 
th requency of such responses was less 
an .06 for each group, except in Group 
Where it was .]4. It was decided to 
a these X-Z responses as errors because 
sae ae rarely accompanied by both X-Y 
“4 correct responses, even m Group 
rod Also, neither the response type 
nd Utaneously checked the right answer 
type one or more incorrect answers” nor the 
e failed to check any response to a par- 
Var test stimulus" occurred with relative 

"quency above .05 for any group of Ss. 
i resentation conditions.— Combining data 
Om all nine tests, the proportions of cor- 
t responses were .79, .75, .65, -60, and 


Each proport 

Of correct responses divided by tlie 
8 Ss x 7 nodes) presentations of G 
Var er cycle, A three-way analysis o 
lance was calculated for the Latin square 


Witt 1 e 

duce Tepeated-measures design. To pro- 

Scor, lomogeneity of variance, each : 

i i bination O 
under a particular combina 

a A rmed to 


three vari fo 
variables was first trans 
VF p= cres 


The between-Ss comparison ! 
esentation 


Copas. 9 Significant effect of pr 
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4 , Am "a Te ras 

alg, ,CATning trend exhibited in E 
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(P < Ol in each of the six comparisons). 
No other between-group differences were 
significant. 

Interestingly, Fig. 2 learning curves for 
the less proficient groups do not display 
negative acceleration across the three cycles 
on a particular tree. Hence a simple linear 
or one-element model was rejected. Also, 
the figure suggests a learning-to-learn ef- 
fect, even from the second tree presented to 


the third. 


Item dependencics.—If Ss tend to learn a path 
(e.g, SUR — PIL, PIL — CUF) as a unit, then the 
two subpaths of a path should be correlated in 
terms of their error frequencies. Or if instead 
they tend to learn a subtree (e.g, SUR— PIL, 
FAM — PIL) as a unit, then responses to items 
having a common response term should be corre- 
lated. However, 2 X 2 chi-square tests, computed 
separately for each tree, group of Ss, and pair 
of subpaths, revealed virtually no dependencies 
between any pair of subpaths, even ones belonging 
to the same path or subtree. 

This negative result does not preclude the pos- 
sibility that response sequences for certain pairs 
of subpaths might exhibit a cycle-by-cycle corre- 
lation. For example, let C denote a correct re- 
sponse and E an error and consider three possible 
three-cycle protocols: EEC, ECC, and CCE. As- 
sume that all three come from the same tree and 
S. Informally speaking, the first of these three 
resembles the second more than it does the third, 
even though the latter two have identical error 
frequencies. Ideally, what we would hope to find 
is that the first two protocols are data from the 
two subpaths of the same path or subtree, whereas 
the third protocol is for some remote subpath. 
Two analyses were performed, one looking for 
path learning and the other looking for subtree 
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Fic. 2. Response proportions for the three 
test cycles on each tree. 
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TABLE 2 
i ECT RESPONSES 
PROPORTIONS OF CORR! ers 
Bere EACH SERIAL POSITION 
Position 

oe o LV SZLeysa iis) we] g he 
-81 | .65 | .928] .905| .92* | .90* 
LU $$ xe 1885 [i793 | |71 [164 | 178 |177 
Ds 136 | .68 «15a | 715 | .752 | (7191 76 -78 
2 A | .67 54 |.54 |.57 |.63 | 73 | [76 
PU +30 | .67 40 [.73*|.60 | 1835] 148 | 1830 


Note.—Items were reinforced once, unless otherwise indi- 
cated, except that Superordinate Position 0 was not explicitly 
reinforced. For Group R, serial position of doubly reinforced 
items was random. 

^ [tems reinforced twice per cycle, 


learning. The details of both analyses are the 
same and are described for paths. 

Beginning with a particular S and tree, the 
data from two subpaths belonging to the same 
path were compared. The number of “mis- 
matches" was counted and then summed over the 
three cycles (e.g, for EEC and ECC the sum is 
0+1+0=1). But the theoretical distribution 
of these frequencies under the null hypothesis of 
independent items is unknown. Even if it were 
known, the finding of a significant departure from 
it would not be Particularly interesting ; the same 
result might be found for any pair of subpaths 
whatever. Thus, as a statistical control, data for 
a third subpath are required, 
same $ and 
subpaths 


it turned out that at least one set of three proto- 
cols meeting the above conditions could be found 
(ie, either all three came from Cycles 1-3 or 
from Cycles 4-6 or 7-9). 
than one such 
selected randomly. 


No evidence Íor any group of Ss was found 
from this analysis to support the hypothesis 
that trial-by-tria] correlations are higher for sub- 


correlations. 

Secondary resul 
tions of correct r 
By inspecting thi 


ts—Table 2 gives the propor- 
sponses at each serial position. 
5 table along with Table 1, one 
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can directly translate Table 2 entries into propor- 
tions correct per subpath, except for Group R 
where the proportions were -64, .56, .57, .50, 75, 
and .77 for subpaths in the order listed in Table 1. 
(Detailed analyses revealed no reason for the 
disparity between, e.g., the .64 and the .56.) Of 
course, only in Group R is the effect of subpath 
separable from the effect of serial position. The 
locus of the superiority of Group LD over Group 
SLD was early serial positions and upper subpaths. 
Groups R and PU were inferior to Group LU 
On every item and at every position except one. 

Coníusion matrices showed, on the whole, that 
errors by the more proficient groups tended to be 
from the same level as the correct response, 
whereas the poorer groups often gave responses 
that were not even on the right level. Ags noted, 
Group PU led in giving the superordinate node in 
response to bottom-level stimuli. Averaging over 
the three poorer groups, middle-level responses 


occurred to the superordinate node on 21% of 
the opportunities, 


Discussion 


There were two main findings about presen- 
tation order. First, more learning occurred if 
adjacent trials grouped all subpaths that were 
on the same level (levels up or levels Loi 
than if they grouped subpaths belonging to t : 
Same path (paths up), and this latter order cem 
no more effective than a random order. m 
ond, when the grouping was according to levels, 
it made no difference whether the sequence 
proceeded from subordinate to superordinate 
terms (levels up) or vice versa (levels down). 
The main finding about presentation frequency 
was that repeated reinforcements were more 
helpful at higher (levels down) than at lower 
(subtree, levels down) subpaths, z 

Especially in the more proficient groups, it 
was expected that the entire tree, or at least 
subtrees or paths, would be learned as a unit. 
Dependency analyses refuted this expectation. 
However, the further question of whether S, 
after learning a tree, could state or sketch its 
graph structure was not investigated. What 
the data do indicate is that such knowledge, if 
present at all, did not influence his manner of 
learning subsequent trees. " 

What possible explanations of the main re- 
sults would be consistent with this finding that 
subpaths were learned independently of each 
other? The “paths up" order inherently Ter 
quired that some subpaths be presented twice 
per cycle. Doing likewise in other orders 
created an unavoidable confounding between 
the identities and serial positions of doubly 
reinforced items, and thus any interpretation 
of these data must be tentative. Two proc- 
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esses might be assumed, independent learning 
of subpaths and guessing on unlearned items. 
Granted, improvement on either process might 
have reflected. sheer practice; after all, each 
group did display learning-to-learn. Con- 
sickens however, the guessing strategy might 
s been sensitive to serial order and/or 
Tequency variables. Assume that all Ss 
cage randomly on unlearned items. But as- 
m rs Ss in the better groups gradually 
the ned to restrict their random guesses to only 
that a name and the two other names 
cs correct responses to some stimulus, 
reas Ss in the other groups did not restrict 
appreciably their set of guessing alternatives. 
Ta a first approximation, this suggestion ap- 
ds compatible with the confusion matrix 
à as well as with the group comparisons and 
es endency analyses. Parenthetically, this in- 
Sen n does not necessarily imply that all 
mi e of Ss learned at the same rate; the rate 
rare have varied directly with the number of 
Sponse alternatives already eliminated. 
io conjectured interpretation would be 
log nearly adequate if it suggested exactly 
Prod the presentation conditions might 3 
Usef ijs these alleged guessing tendencies. - 
a lis notion here is that Ss covertly organize 
zehe ls aid their learning by grouping an 
Wor "d certain items (Battig, 1966). With 
licit. cliciting color sense impressions as 1m- 
sep; ASSOCiative responses, à constrained pre- 
“tation order is superior to a random order 
Cie & Underwood, 1967), presumably kir 
he the former assists implicit grouping. 
Present case, suppose that adjacently pre- 
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ented items will be grouped, but only if they 
ntain à common node (e.g, SUR PIL with 
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at the end of the experiment as to the tree 
structure. Or it might be determined which 
conditions—nonsense names, random assign- 
ment of names to nodes, or testing by recog- 
nition methods—accounted for the failure to 
find dependencies among component learning 
processes. With natural language hierarchies 
in which the node names are words, the tend- 
ency to learn the overall list structure ap- 
parently increases if the entire tree is displayed 
at once instead of presenting its parts serially. 
This effect is larger if testing is by recall 
rather than recognition (Bower et al, 1969). 
However, in preliminary research using the 
present paradigm but testing by recall instead 
of recognition, the proportions of correct re- 
sponses have been found to be very low. 
Finally, on the basis of Mandler and Cowan's 
(1962) finding, hierarchies containing equal 
numbers of associations to be learned but dif- 
fering in graph structure will probably be 
learned at different rates. 
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RESPONSE FEEDBACK AND VERBAL RETENTION! 
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University of Illinois 


E verbal learning was tested, where it is assumed that 
ee deed e a response lays down the reference against which 
the correctness of future occurrences of the response is tested. A short-term 
memory (STM) paradigm was used, with consonant tetragrams as items. 
Experimental groups had interference with audio feedback, tactual-proprio- 
ceptive feedback, or both in acquisition and were compared with a control 
group having standard, unimpaired learning. Recall. was without interference 
for all groups. It was hypothesized that feedback interference should affect 
retention, with experimental groups having poorer recall than the control 
group. The data supported the hypothesis. 


Adams (1967, Ch. 10; 1968) has sug- 
gested a closed-loop hypothesis for learning 
that uses two kinds of habit: the memory 
trace, which is the habit bond between stim- 
ulus and response, and the perceptual trace, 
which is a sensory habit and a consequence 
of stimulation from the environment or Te- 
sponse feedback. To illustrate for a verbal 
response, rehearsal defines the correct re- 
sponse and establishes a memory trace, which 
is the associative agent that fires the re- 
sponse when the eliciting stimulus is pre- 
sented, and the proprioceptive, tactual, and 
auditory feedback stimuli from the response 
are the sensory agents that lay down per- 
ceptual traces. It is these perceptual traces 
that are the internal references for response 
recognition against which the sensory feed- 
back from subsequent responses are com- 
pared, error assessed, and the judgment 
about response correctness is made. In the 
same way, environmental stimuli lay down 
a perceptual trace as the reference for sub- 
sequent recognition of them. 

An implication of the hypothesis is that 
interference with one or more of the feed- 
back loops during learning should attenuate 
the reference mechanism based on it, with 
the result that S should be less able to judge 
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the correctness of his response. Recall accu- 
racy should be lower because S with a suffi- 
cient memory trace for the correct response 
Will have an attenuated reference mechanism 
and a lowered confidence in the response he 
intends to make. Being unable to fully 
verify the correct response, he will tend to 
substitute another and produce more errors. 


Meruop 


Experimental design—The asentaa 7 cae 
Peterson and Peterson (1959) proce ith con- 
short-term verbal retention were used, We coustic 
sonant tetragrams chosen for their low a 1969) 
similarity (Adams, Thorsheim, & McIntyre, Were 
as the materials. The four letters of an ae p 
presented visually and simultaneously, and Each 
the letters aloud while they were showing. ! is 
S learned and recalled 20 items, with 4 ee 
randomly assigned to each of five retention in 
vals: 0, 5, 10, 15, and 30 sec. ad 

Four groups were used, one control group at m 
three experimental groups. The treatment for dy 
experimental group was interference with one O 
two sensory feedback loops when the response j^ 
spoken in acquisition. The control group had ies 
standard procedure for acquisition in short-term 
memory studies, which, of course, is no ie 
ference. All groups had their retention DCN 
activity and recall without interference. ponia 
pectation was that impaired reference s Cm T 
in experimental S's would lower recall relative 
controls. - 

The three experimental groups were IAF, m 
and IAPF. The Ss of Group IAF ge ime 
auditory feedback) wore earphones qe B un 
all Ss of all groups wore the headset throug ee 
that delivered 110-db. white noise to eliminate 
sound of S's own voice as he spoke the taaan 
aloud when it was presented. Pilot testing ha 
established that 110 db. effectively eliminated sel : 
hearing of the normal speaking voice. The nois 
came on 1 sec. before the item appeared and con- 
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"po sec. after it was removed. As a means 
leona s the tactual-proprioceptive cues from 
ng to recall, an S of Group IPF (impaired 
proptlocentive feedback) clamped his tongue be- 
een his teeth and held a deep breath when he 
ne the letters of an item during acquisition 
aang from a procedure used by Colvin & 
ani cn 1909). „Group IAPF (impaired auditory 
the VECODPOCEHEVE feedback) had a compound of 
both Treatments used on Groups IAF and IPF, with 
u White noise and the tongue-breath treatments 
Sed together. The control group was labeled NIF 
no impaired feedback). If the hypothesis is em- 
Pirically true, Groups IAF and IPF should have 
fost recall than Group NIF, and Group IAPF 
ould be poorer than both IAF and IPF. 
^A. an added control, two of the four items at 
grou retention interval for the three experimental 
interes Were randomly assigned as standard, non- 
*rference control items, the same as Group NIF. 
mi fossibility was that an interference treatment 
cala bea nonspecific factor like annoyance that 
O .ervade all items, not just treatment items. 
cane ably, the recall decrements: expected be- 
tie of degraded reference mechanisms could = 
treat Ccause of some other consequence of the 
em Ments, Therefore, within-group control ie 
o Porally near treatment items, might be expectei 
reflect a general state change in $. . 
sed e basic random orders of the 20 iteme nee 
chie ana there were two versions of cach one 
iten ve counterbalancing of control and treatmen 
P The two items of an interval that were 
in then items in one version were control os 
result Other. The two versions of the two or E 
mou in four item sequences for the per 
Broun, groups, and an equal number of Ss o = 
ro; P were randomly assigned to each sequ x 
on] “up NIF had no special treatment items, m 
an Y the two basic random orders were used, Wi 
ee number of Ss in each ps ce 
ratus—The presentation | dev? S 
r dete memory drum (Model 2303A) modified 
the ging by a punched tape reader placed ou 
zi Derimental room. c 
ey, u ruttental procedures.—The 
ye Sh. trial was as follows: Groin MË diis 
Vas y signal for 5 sec. For G puro 
signa Ways the word “Ready.” As their. gu 
s als, the experimental groups had specia Ls 
item Tons for the treatment requirements pe 
Wa S. follow, The ready signal for ra peni 
Soup T Sranan E.g S as the ready 
Na F had the word "Noise dna 
» Group IPF had “Tongue, deep breath, i 
IAPF had “Noise, tongue, deep brig 
S of Groups IPF and IAPF used os E 
to place the tongue between the tee 


2. a deep breath, 


Let 
f a; 


sequence 


and letters read 


along *" presentation for 3 sec: I 
i TA F might be expected, S s nens POY; 
ut * articulated their treatriue-deep-breath 


7 the purpose of the 
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procedure was to alter the proprioceptive-tactual 
feedback from learning to recall. 

3. Retention interval of 0-30 sec. To minimize 
rehearsal in the retention interval, Ss read random 
digits as fast as they could. The digits were pre- 
sented 15 to the line in the window of the drum, 
and a new line appeared every 3 sec. Since Ss 
read digits no faster than 3/sec, they never 
finished a line and had no free time for item 
rehearsal before the next line appeared. 

4. The S had 10 sec. for recall, and the recall 
cue was the words “Recall-Rating.” Recall was 
aloud, and E recorded the responses on his data 
sheet. The S always had to report four letters, 
even if he had to guess, as a means of preventing 
him from inhibiting letters about which he was 
unsure. After his recall, S reported to E the con- 
fidence he had in his response on a 1-5 scale, rang- 
ing from "I'm absolutely sure that my response is 
wrong" (rating of 1) to "I'm absolutely sure that 
my response is correct" (rating of 5). For ref- 
erence, the five scale values and their definitions 
were on a card on the table in front of S. 

5. Ten seconds were allowed for S's oral report 
of how he learned the item. Previous studies have 
documented that Ss often use idiosyncratic associ- 
ative devices, called natural language mediators 
(NLM), in both long-term (Adams & McIntyre, 
1967; Montague, Adams, & Kiess, 1966) and 
short-term retention. (Adams et al, 1969; Gron- 
inger, 1966; Kiess, 1968). All these studies have 
shown that NLMs induce or are a correlate of 
higher recall than rote learning, and reports of 
them were taken in this study so that the feedback 
theory could be assessed with respect to them. 
The S reported his NLM in full, but E recorded 
only whether an association was present or absent. 
Absence of an NLM was tallied as rote learning. 

The instructions included two demonstration 
items that familiarized Ss with the general pro- 
cedures and, in the case of Ss in experimental 
groups, acquainted them with the interference 
treatments. The E counseled against the common 
tendency to speak louder in the presence of white 
noise because a compensatory device of this sort 
would have allowed S to hear his own voice and 
would have undermined the effectiveness of the 
noise treatment. The instructions gave no empha- 
sis to either mediated or rote learning, but de- 
scribed them only as Ways of learning ; Ss were 
told to conscientiously report their method each 
time. 


Subjects—The Ss were men and women uni- 


i introductory psychology 
versity students from an in 
course. Two hundred and forty Ss were used, 
with 60 randomly assigned to each group. 


RESULTS 
items correct (mediated 


plus rote).—All letters had to be in their 
correct serial positions for an item to be 
scored as correct, and Fig. 1 shows the per- 
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Mediated and Rote Items Combined 
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Fic. l. Percentage of items COrrect as a 
function of retention interval. 


OL 
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centage of items correct for experimental 
groups and for all control items in the study 
pooled. The within-group control items of 
the experimental groups had the same per- 
formance level as Group NIF, F (3, 236) = 
37, p > 05, which justifies the pooling. 

Of more importance than the now com- 
monplace rapid forgetting over 30 sec. is 
that theoretical expectations are confirmed 
in Fig. 1. Using number of correct items 
as the score for S in the statistical testing, 
and pooling over intervals, treatment items 
for each experimental group had significantly 
poorer performance than their control items: 
Group IAF, F (1, 59) 2107, p< 01; 
Group IPF, F (1, 59) = 12.01, p< pl; 
Group IAPF, F (1, 59) 2233 p< .01. 
The order of the curves for treatment con- 
ditions conforms to the number of feedback 
loops receiving interference, with Group 
IAPF (two loops) having lower recall than 
Groups IAF and IPF (one loop), which 
have equivalent recall, Essentially, the dec- 
rements for Groups IAF and IPF additively 
produce IAPF's decrement. 

Mediation—It is established that medi- 
ated items have higher recall than rote ones, 
and this study was no exception. For all 
items of all groups combined, 73% of medi- 
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ated items were correct compared to 43% 
of rote items. 

An effect of feedback interference could be 
less NLM production, thereby lowering re- 
call and causing the ordering of treatment 
curves in Fig. 1 because correct recall is re- 
lated to NLM occurrence. Percentage of 
NLMs for both correct and incorrect items 
taken over all retention intervals for Groups 
NIF, IAF, IPF and IAPF were, respectively, 
38, 36, 36, and 40 for control items and 4l, 
30, 32, and 31 for treatment items. (All items 
were control items for Group NIF, but the 
items can be split into the same two sets as 
as other groups for purposes of bit ipod 
There is a tendency for treatments to feng 
the level of mediation for the sine 
groups, and this trend received some emt 
cal support. Using number of NLMs a 
Score for S, the differences between Y qa 
and treatment items for Groups Sak L 
59) = 10.7, and IAPF, F (1, 59) Nd 
were both significant (p < .01). T = 
comparison for Groups IPF, F C iled sig- 
3.37, and NIF, F (1, 59) — 1.65, fone more 
nificance at the .05 level. But there uency. 
to treatment effects than NLM fred actor 
When NLMs were eliminated e d, the 
and rote items alone were considere» ha! 
treatment items for experimental ders con- 
significantly less percentage correct x This 
trol items, F (2, 111) = 48 f <- avals and 
analysis was over all retention iie Meri 
Used Ss who had two or more zar IAPF 
The n’s for Groups IAF, IPF, an for this 
were 37, 41, and 36, respectively, 
particular test. 

Confidence ratings —An correct 
made of the confidence ratings Bs over 
responses (mediated plus rote) tas rating 
all intervals, with mean equa s items 
for 5's items as his score. Treat nifcantly 
for experimental groups had E 1, 177) 
lower ratings than control items, roups did 
= 40, p < .05, although the thr eales 
not differ appreciably among the me trend 
(2, 177) = 15, p >05. The s of errors 
was found for confidence ratings anne 
(mediated plus rote) made by pir sig- 
Sroups. "Treatment items Wero de 
nificantly lower than control i not 
177) = 234, p < .01, but the groups 
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differ among themselves, F (2, 177) — 2.1, 

.05. " 
J poe 2 presents mean confidence -—— 1 
for items correctly and incorrectly recalled, 
mediated and rote items, and treatment and 
control items as a function of retention 
interval. For both correct and incorrect 
items, the mediated items have higher con- 
fidence ratings than rote items. Correct 
items, by definition, have full retention and 
yet their confidence ratings decrease as the 
retention interval increases, with the drop 
being greater for rote items. The confidence 
ratings for errors are much lower than for 
correct responses, and they decrease more 
precipitously as a function of retention in- 
terval. Again the rate of loss is greater for 
rote than mediated items. 

Confidence rating and degree of correct- 
ness (zero, one, two, or three letters correct) 
were positively correlated, and one of the 
reasons for the sharp drop in errors over 
the retention interval was an increase in 
errors with a low degree of correctness as 

the interval increased. The lowest and 
highest degrees of correctness were com- 
pared at the 5- and 30-sec. retention intervals 
(the O-sec. interval had too few errors to 
use meaningfully) ; errors with the highest 
degree of correctness decreased as the inter- 
val increased, while errors of the lowest de- 
gree increased. But this was not the only 
reason that confidence in errors declined. 
With degree of error correctness held con- 
stant, confidence was less at the 30- than the 
5-sec. interval. 

Rote error items were rather evenly di- 
vided among the four degrees of correctness, 
but mediated errors tended to be more cor- 
rect, with two and three letters correct occur- 
ring more frequently. This is consistent with 
the established finding that NLMs are a 
correlate of higher retention than rote learn- 
ing. That mediated errors are more correct 
than rote errors is undoubtedly a factor in 
their higher confidence rating, but the ex- 
planation is not so simple. With degree of 
correctness held constant, mediated responses 
had higher confidence ratings than rote re- 


sponses. An S is more sure of his mediated 
responses. 
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Discussion 


Comfort or contradiction was sought in the 
literature on the effects of noise and of articu- 
latory interference on verbal learning and nee 

5 . Studies of 
tention, but neither was found. i 
STM using white noise were of potential rele- 
vance and had mixed purposes and findings. 

å adigm 

Two recent studies with an STM par: rà 
(Dallett, 1964; Murdock, 1967) found an P 
fect of noise, but audio presentation of item 
was used so the influence was on the pow 
of the input, in contrast to the present wei 
which guaranteed the input by using pes 
presentation and sought only to degrade di 
sponse feedback. The most pertinent cu pm 
ment was by Murray (1965). His ST dieti 
Sign had visual presentation. and immec E 
recall of eight consonants, and one of his ES 
ditions had acquisition with noise and secat] 
without noise, The trend was toward a i sig- 
decrement, but the loss failed statistica nipu- 
nificance. Studies that attempted o ea 
late articulation (Barlow, 1928; 1d, Tread- 
Meyer, 1909; Henmon, 1912; uos Under- 
well, & Washburn, 1915; Smith, ecd and 
wood, 1964) did not use STM para ndings di 
their array of positive and negative the present 
not focus on a useful theme for 
experiment. T e saw 

Trying to be our own best erii a vari- 
three main criticisms using conventi our feed- 
ables that might be leveled against 
back interpretation : - 

1. Distraction.—Under | conditio is 
back interference, Ss paid less pote for ex- 
items, with the result that the s P trengih or 
perimental groups was not of the “a to this 
quality of control items. As a se rs aloud, 
contention, all Ss pronounced the P “attention 
thereby guaranteeing a measure © yn by the 
That effective input occurred is e an 
fact that all groups were about the diate re- 
close to 10095 correct on the imme 
tention test. he dis- 

2. Associative strength.—Related bot Es not 
traction argument is that interfere! amount O 
affect input, but did influence the nding the 
covert rehearsal that followed pe associa- 
letters aloud, with the outcome of “All groups 
tive strength and more forgetting- the immedi- 
being essentially 100% correct at ment for 
ate retention test could be an argu ment ÍS 
equal associative strength. The MEA is 
not a strong one, however, because A and 
ceiling that obscures group differenc al as- 
the authors admit the possibility of uneqtt 
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Sociative strength as a criticism that is as hard 
to refute as it is to prove.  "Associative 
Strength" as it is customarily used is the same 
as strength of memory trace, and the validity 
of the present conclusions turns on the effec- 
tiveness of the procedures for equating memory 
traces while at the same time impairing the 
integrity of sensory feedback and the perceptual 
traces based on it. Equating items for associa- 
tive strength appears to be more complex 
than is conventionally assumed (Adams, 1967, 
PP. 140-143), so no easy resolution of this 
Problem seems apparent. 

3. Annoyance —A subjective term, annoy- 
ance is hard to fit into theoretical criticism. 
Attempting a working definition nevertheless, 
annoyance might be seen as avoidance motiva- 
tion that could reduce the frequency of covert 
rehearsal and lower associative strength 
(Wickens & Simpson, 1968) or, alternatively, 
Ower all reactivity, both learning and recall. 

eng vague, annoyance cannot be solidly 
refuted with evidence or counterarguments, but 
the authors nevertheless tried to anticipate 
n criticism with the within-group control 
ti Ms for the experimental groups. Subjec- 
tively, annoyance has time persistence, and 
it was reasoned that it should be revealed by 
Control items intermingled with treatment 
Hems. That performance of experimental Ss 
9n contro] items did not differ from that of 

Toup NIF is evidence against annoyance as 
à variable, 
arg marks on the positive side 
ack in order now that criticisms "P5. h 

nowledged, and the most encouraging 1S the 
tne centage of correct functions in Fig. 1, Leda 
ite Cürves for treatment items below E 
» ms and the order of treatment items for 
s Derimental groups in line with theoretical 
i» Pectations, ^ Furthermore, confidence rating 
fer empirical indicant of uncertainty aiai 
tro, current response, and lower confidence for 
atment than control items suggests less ade- 
Ti perceptual traces for verifying the a 
tr nse. The Ss were less sure of corr H 
€atment items when they gave them, as w° 
e jx one The lower confidence !n ac 
the d mean that Ss sometimes covertly teste 
on a strong mem- 

X ble to verify it, 
esponse at 


for the theory 
s have been 


Correct response based 
chan trace and, being una 
ged it to another and wrong T 


n 

ou This is, in effect, a guess at one or 

Co Te letters and is a circumstance for lower 
Nfidence, 


by definition, are 


"ul corr 
e onses. 
i ze h tion interval and 


9 Correct at each reten! 
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have a fully functioning memory trace, yet 
their confidence ratings declined as the reten- 
tion interval increased (see Fig. 2). If this 
trend continued over longer time intervals 
than used here, and there is no reason to be- 
lieve that it would not, confidence might be 
expected to get low enough to cause S to reject 
his response for another (a guess) or inhibit 
it and cause an omission to occur (although 
in this experiment, omissions were not al- 
lowed). For a correct response this would 
produce an error, and measured retention 
would decrease. Confidence ratings for errors 
of a given degree of correctness similarly de- 
clined, suggesting that the degree of error 
could be expected to increase also. This 
decline in confidence over the retention interval 
can be taken as evidence that the perceptual 
traces are being weakened by forgetting pro- 
cesses (Adams, 1967, pp. 302-304). The 
experimental psychology of memory has dwelt 
on the memory trace that is strengthened in 
learning and weakened over time, but feedback 
theory says that change in the perceptual trace 
is equally deserving of concern. Put another 
way, experimental psychology has oversimpli- 
fied what is learned by dwelling solely on the 
memory trace and thus has oversimplified for- 
getting. An implication of this point of view 
is that a profitable line of research for memory 
is the complexities of the learning process, for 
we cannot understand what is forgotten unless 
we know what has been learned in the first 


place. 
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AMOUNT AND LOCUS OF STIMULUS-RESPONSE OVERLAP 
IN PAIRED-ASSOCIATE ACQUISITION' 


DOUGLAS L. NELSON? ax» RICHARD M. GARLAND 


University o; 


Each S acquired a single list of three-letter-word paired associates. 


f South Florida 


Stimuli 


shared zero, first, middle, last, first-and-middle, first-and-last, or middle-and- 


last letters with their responses. 


On the basis of data suggesting that some 


ordinal positions within the word sequence are more critical determinants 
of word processing than others, differential acquisition rates for these 


conditions were predicted. 


Two alternative explanations of the findings 


were discussed, one assuming that the informational structure of the 
language has sensitized speakers of the language to attend to high-informa- 
tion parts of words, and one assuming that words are processed as serial 


Sequences. 


ingon temporary research has shown that 
deter and final letters are more influential 
PRY a nila of word processing than are 
Cal t € letters and that initial are more criti- 
(1958). final letters. Bruner and O Dowd 
gra S presented nouns containing typo- 
be De reversals of letters in either the 
i Pom middle, or end. Disruption of 
gre, Stoscopic recognition performance was 
atest with a reversal in the initial part 
or word, next greatest at the end of the 
the er and least disruption was found when 
Word s was localized in the middle of the 
Six. o Following a single presentation of 
and p nine-letter words, Horowitz, White, 
hese twood (1968) showed fragments of 
tl Words in a recall test. Regeneration 
igi ords of the list was highest when 
est i" Ing fragments were shown, next high- 
lowe nes end fragments were shown, and 
imi When middle portions were domm 
lette, Aly » given a word containing a deleted 
inc Correct identification has been shown 
crease as the missing letter is moved 
(Car initial to final and medial positions 
hag Son, 1961), The initial-final difference 
of 50 been found using native speakers 
(Bro, a ngtage and Dutch and French words 
i Tse & Zwaan, 1966; Oleron, 1966). 
Lu Bind sensitivity to word parts may 
un ese the University 
ath Florida pee ceti and by can 
e or ue the first author from the Nationa’ 
Nelson “ests aed ios a be sent to Douglas 
South ^, €Partment of Psychology, University of 
"lorida, Tampa, Florida 33620. 


To; 


account for findings obtained in experiments 
in which there were variations in the ordinal 
position of letters shared by the stimuli (i.e., 
identical letters were located in the first, 
second, etc., positions reading the trigram 
from left to right). When discriminations 
between stimuli were required as in paired- 
associate and serial recall learning, difficulty 
of acquisition increased in the order middle, 
last, and first for single-locus conditions and 
in the order middle-and-last, first-and-mid- 
dle, and first-and-last for dual-locus condi- 
tions ( Nelson, 1969; Nelson & Rowe, 1969). 
A similar ordering of difficulty for dual-locus 
conditions also has been found when the 
paired-associate stimuli were nonsense syl- 
lables (Richardson & Chisholm, 1969; Run- 
quist, 1968), suggesting that word-encoding 
habits may transfer to these stimuli. When 
shared-letter stimuli could be grouped to- 
gether as in free recall learning, the orders 
of difficulty by identity condition were re- 
versed (Nelson, 1969). 

The purpose of the present experiment was 
to manipulate the number and ordinal posi- 
tions of letters shared by paired-associate 
stimuli and their responses. The principal 
hypothesis was that the greater the com- 
patibility between word-processing habits 
and the location of the stimulus-response 
overlap, the faster a given list should be 
acquired. For example, if initial relative to 
final letters are more critical determinants 
of word encoding, then stimulus-response 
pairs containing first-letter overlap should be 
learned faster than pairs with last-letter over- 
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lap. 'Thus, in terms of increasing ease of 
acquisition, the order of overlap conditions 
should be zero, middle, last, first, middle-and- 
last, first-and-middle, and first-and-last. The 
only other available evidence on the variable 
of location of overlap has been reported by 
Thompson and Fritzler (1968). Ease of 
acquisition for nonsense syllable pairs in- 
creased in the order zero, last, and first, 
although only the difference between zero 
and first was statistically reliable. 


METHOD 


Verbal material—Each S acquired a single list 
of five paired-associate trigrams in an individual 
session. Two sets of lists were constructed. Within 
each set, there was a single response list common 
to seven stimuli lists. The stimuli within a given 
list set had either zero, first, middle, last, first- 
and-middle, first-and-last, or middle-and-last let- 
ters in common with their responses, For example, 
under the first-letter locus condition, the pairs of 
one list set were PiG-pan, ROW-red, SAY-sit, CUP- 
cob, and HEX-hum; for first-and-middle, PAY-pan, 
REX-red, SIP-sit, cow-cob, and Huc-hum. Within 
the response lists and in each of the stimulus lists, 
there was no letter identity within a given ordinal 
locus. When stimulus identity was manipulated 
with respect to a given location(s), remaining let- 
ter(s) were different. When possible, these letters 
were chosen from letters not used in constructing 
the remaining stimuli and responses. 

Since the items were relatively high-frequency 
words, differences in rates of acquisition between 
conditions might have reflected degree of prior 
association rather than amount and location of 
stimulus-response overlap. To circumvent this po- 


tential interpretative difficulty, associational norms 
were obtained. 


In two 30-min. sessions a total of 
350 three-letter words were read aloud, spelled, 
and pronounced aloud again to four different groups 
of 25 students each. Word order was unsys- 
tematically randomized for each group. In re- 
sponse to each word read, cach student wrote down 
the first three-letter word that came to him ona 
numbered sheet provided by E. The frequency of 
each of the responses given to each of the stimulus 
words was tabulated and this information was used 
in constructing the pairs used in the present ex- 
periment. If more than 5% of the individuals re- 
sponding gave a particular response to a given 
stimulus, then that stimulus-response pair was 
eliminated as a Possible candidate for the list. 
Thus, not more than 5% of the sample tested gave 
Pan as a response to PIG or big as à response 
to PAN. In this manner degree of prior associa- 
tion was equated across identity conditions. 
Procedure.—Each paired-associate list was prac- 
ticed by the anticipation method for a total of 15 
trials following the initial presentation, On test 
trials, S was required to pronounce each stimulus 
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aloud before attempting anticipation of the ee 
sponse. Slides of each stimulus and each me = 
response were automatically projected via a d ak 
Carousel slide projector driven by an auxiliary 
timer at a 1.5:1.5-sec. rate. There was no a 
trial interval. Sequences of pairs were pa 
in eight unsystematically varied orders, with the 
restriction that no pair was ever presented p 
in succession. The sequence of each of these eigh 
orders was changed for each S in each un 
To insure understanding of the instructions, al A 
learned a practice list of two pairs (names-ver 
before undertaking the experimental task. "m 

Subjects.—With half of the Ss assigned to s eh 
list set, there were seven groups of 20 Ss, al ae 
whom were naive to verbal learning Spent 
All Ss were drawn from an introductory deor 
Ogy course and received course credit for D pen 
pation. The Ss were assigned to ges yw 
der of appearance in blocks of 14, with 1 gots 
each condition per block. Order of cone 
within blocks was determined by a table of r: 
numbers. 


RESULTS 


jance 
A mixed-model analysis of ber 
(Myers, 1966) of errors (mei ditions, 
commission) showed that identity an these 
trials, and the interaction netter two 
Sources were significant, 
Sources remaining significant 
Greenhouse and Geisser (195 
freedom adjustment for repeate 
variables. List set and all interac 
this variable were not significant e acquisi- 
presents the means of errors to t Jap con i- 
tion criterion for each of the overlap 


Ee ifference 
tions. Fisher's least significant. A terion 
was 1.01, with the 5% level as th ificantly 


i 
of significance. Each mean was rent means 
different from each other mean e je-and-last- 
for first-and-middle and mid 


+ ition 
ci uisiti 

These data show that ease i e espone 

increased as amount of stimulu 0 


overlap increased from zero to Or Conditions 
letters. The significant Identity E propor- 
X Trials interaction reflected rte the dua 
tionately faster acquisition rates s and zer? 
treatments relative to single locns Tap EUM 
conditions. Within single-letter ed in the 
ditions, acquisition ease incre ithin dua” 
order middle, last, and first, and W is 


1 
condition, this pattern of mean C o 
was consistent with tbe hypothesis 
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TABLE 1 


Mean Errors, MEAN PERCENTAGE OF MISPLACED RESPONSES AND MEAN 
PERCENTAGE OF EXTRALIST INTRUSIONS FOR EaCH CONDITION 


Overlap conditions 


Item 
Zero First Middle Les | Pisa | pee eend- 
Mean errors 23.40 11.75 19.80 
rors 23. : ? 1710 | 735 54. i 
Mean % misplaced 3 Eg 
responses 14.55 .83 12.85 9.45 .00 1.05 1 
b Iean % extralist hd 
Intrusions 2.40 7.61 3.09 3.39 9.55 11.17 11.37 


ferential sensitivity to beginning, ends, and 
middles of words. 
. Mean misplaced responses and extralist 
intrusions as percentages of total errors are 
Presented in Table 1. A single-factor analy- 
Sts of variance of percentage of misplaced 
Tesponses yielded a significant identity con- 
ditions effect. A subsequent orthogonal com- 
Parison indicated that the proportion of mis- 
Placed responses significantly declined in the 
order zero, single, and dual locus. Although 
a similar analysis of variance of percentage 
of extralist intrusions revealed an insignifi- 
Bed F ratio for conditions, a subsequent 
tthogonal comparison indicated that propor- 
ES of extralist intrusions significantly in- 
Teased in the order zero, single, and dual 
p "These patterns of commission errors 
» 88est that amount of overlap facilitated 
“sponse retrieval by constraining the size of 
is relevant response set. When an extra- 
St intrusion occurred, it generally shared a 
Ctter, if not two, with the stimulus presented. 


Discussion 
ipie differential sensitivity to ordinal past 
Pres of letters within words observed in the 
a bone Study may in part be reflecting 5 
dad nth by speakers of the language to the 
and ational structure of words. Beginning 
midas d letters carry more information than 
than € letters, and beginning letters carry sg 
Row end letters (Carson, 1961; Nelson 
distrib 1969), In other terms, the ec es 
the tion of words beginning with eac ia 
than 6 letters is more uniformly rectangular 
te, the distributions for middles and ends, 
lap l'hus, presentation of stimuli which over- 
Position” their responses in the initial letter 
respons. Provide more information about their 
BE he than stimuli which overlap in middle 

St positions, Similarly, stimulus-response 


overlap in first-and-last letter positions pro- 
duces more constraint on the responses given 
the stimuli than overlap in the first-and-middle 
or middle-and-last positions. If the response 
retrieval process can be considered analogous 
to a search through memory for the correct 
alternative, the more information the stimulus 
provides about the response, the more likely the 
search is to terminate with the correct alter- 
native (e.g. Ceraso, 1967; Shiffrin & Atkin- 
son, 1969). In the present experiment, amount 
and location of overlap serves to vary the 
size of the relevant response set which must be 
searched before the correct response is lo- 
cated. The smaller the set of alternatives 
through which the search must be conducted, 
the greater the likelihood that the correct in- 
stead of an incorrect response will be retrieved. 
The results of the present experiment have 
been generally consistent with this view. The 
lack of a difference between first-and-middle 
and middle-and-last conditions may be a result 
of the very small differences between these 
conditions in information values, which are, 
respectively, 7.06 and 6.89 bits for three-letter 
words (Nelson & Rowe, 1969). The most 
serious discrepancy, however, arises in com- 
parison of information values for single-letter 
positions and performance in single-locus 
identity conditions. First and third letters are 
more similar in information value (4.46 vs. 
4.21 bits) than are second and third letters 
(3.35 vs. 4.21 bits). However, performance 
within the last-letter identity condition is more 
similar to middle than to the first-letter identity 
condition. 

A viable alternative interpretation of data 
indicating differential sensitivity to word parts 
assumes that the processes involved in word 
encoding are similar to those involved in serial 
anticipation or serial recall learning (Harcum, 
1967; Horowitz, 1969). In this view, words 
are stored and/or retrieved from memory as 
serial sequences having definite starting points 
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and ends. Accordingly, explanations of the 
serial position effect derived from studies of 
serial anticipation learning also would account 
for the recall of word sequences. Thus, dif- 
ferential attention to or recall of various ordi- 
nal positions within the word sequence may be 
a result of differential interletter interference 
in various parts of the sequence or to the per- 
ceptual saliency or distinctiveness of the be- 
ginning and end of the sequence (e.g., Bewley, 
Nelson, & Brogden, 1969; Lippman & Denny, 
1964; Murdock, 1960). In the present experi- 
ment the acquisition of each pair would be 
analogous to the simultaneous practice of two 
serial lists which overlap to varying degrees, 
one “list” represented by the stimulus word 
and one by the response word. Providing ini- 
tial portions apparently provides greater ac- 
cessibility to the sequence than medial or 
terminal portions, and terminal provide slightly 
better access than medial portions. The na- 
ture of the mechanism producing this differ- 
ential accessibility is not clear, but one possi- 
bility is that beginnings and, to a lesser extent, 
ends provide perceptual anchoring points for 
encoding the word, The particular salience of 
the beginnings of words may be a result of 
left-right reading habits or of the way 
Which the words are organized in storage. 

At the present level of descriptive analysis, 
either the hypothesis of sensitivity to the in- 
formational structure of language or the hy- 
pothesis that words are encoded as sequential 
patterns provides a reasonable explanation of 
the findings of the present investigation. A 
decision between these alternatives at this level 
of description may Prove difficult. The dif. 
ferential informational loading for locus of 
letters within words and for the locus of words 
within sentences (e.g., Aborn, Rubenstein, & 
Sterling. 1959) may lead to the use of general 
sequential search strategies which transfer to 
other serial tasks. Alternatively, through the 
course of language development, most of the 
information may be located at the beginning 
and end of the sequence because of anchoring 
or serial position effects. In this case infor- 
mation is provided in that part of the se- 
quence where it is optimal for message trans- 
mission (Zipf, 1949), 
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FUNCTIONING OF IMPLICIT ASSOCIATIVE RESPONSES 
IN MEDIATED TRANSFER' 


PHEBE CRAMER? 


University of California, Berkeley 


Using an A'-B, A-C paradigm, a 3X3X2 factorial experiment was 
designed that varied the strength of implicit associative responses (IARs), 


the degree of first-list, learning, and the locus of mediation. 


The results 


from 18 independent groups of Ss (N =16/group) indicated that transfer 


was a function of the interaction of these three variables. 


With increasing 


degrees of original learning, transfer became positive for the unidirectional 


paradigms, but remained negative for bidirecti 
are interpreted as supporting three hypotheses : 
stimulus word results in the automatic elicitation of IAR 
strengths in the associative hierarchy, any 


mediate transfer; (b) in a transfer task, such IAR 
nd test list (TL) learning; (c) under certain 


f such IARs produces interference, S is able to 


during original list (OL) a 
conditions, if the elicitation o: 
inhibit their occurrence. 


The conception of mediational processes 
based on implicit associative responses 
(IARs) has been shown to have consider- 
ied utility for predicting verbal behavior 
and learning (cf, Kjeldergaard, 1968). As 
bart of this general area of study, the role 
of Mediation in paired-associate (PA) trans- 
er has been the topic of a series of investi- 
mations (cf. Keppel, 1968). Although there 
ave been some dissenting voices (e^ 

andler & Earhard, 1965), there is a large 
= . 9f evidence that clearly points to the 
Positive effects of mediational processes ! 
acilitating transfer over a wide number of 
Coradigms (e.g., Cramer, 1967 ; Cramer & 

ofer, 1960; Horton & Kjeldergaard, 1961). 

As in these transfer studies, a large num- 
pn Other investigations have shown the 
eye: effects of IARs in facilitating learn- 
(1 and memory phenomena. Underwood 
M Led has noted that we demonstrate the 
alidity of our assumptions regarding IARs 
"i „Constructing experimental situations in 

uch a given phenomenon will result if 
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The results 
(a) Presentation of a 
S of differing 
one of which may function to 
elicitation occurs both 


ional paradigms. 


these IARs occur in the way in which we 
have assumed. The present study is de- 
signed to investigate some negative transfer 
effects of [ARs that would be predicted from 
a particular model of mediational processes. 

Underwood (1965) has distinguished be- 
tween two different types of such IARs. 
The first type (to be designated here as 
TAR) is a word that is an associative re- 
sponse to the stimulus word, as known from 
natural language word association norms. 
The second type (IARe), which occurs in 
an experimental situation such as mediated 
transfer, is the word (or other item) that S 
has learned as a response to a given stimulus 
in a preceding list. In a previous study 
(Cramer, 1967), it has been shown that 
IAR, and IARe may differentially affect 
transfer. 

While it is probably most common to think 
of IAR; as the primary associative response 
to the stimulus, the theory underlying this 
conception—that IAR; is produced by the 
stimulus properties of the representational 
response (RR)—also predicts that other re- 
sponses in the associative hierarchy of the 
stimulus word will be implicitly elicited. 
Bousfield, Whitmarsh, and Danick (1958), 
in their original formulation of the RR and 
IAR conception, do specifically make this 
prediction. Indeed, such an assumption is 
necessary to explain the data of Kimble 
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(1968) and Underwood (1965), who found 
that IARs of differing response strengths 
and hierarchical positions produce recogni- 
tion errors. Aas 

As part of the model of mediational pro- 
cesses underlying the present experiment, 1t 
is assumed that any member of an associative 
response hierarchy can function as an TAR, 
mediator and that the magnitude of the medi- 
ated effect will be related to the S-R associ- 
ative strength of the mediator. One ques- 
tion investigated in this study is the role 
of IAR associative strength in mediating 
transfer. . 

It also is assumed that IARs representing 
the entire associative hierarchy occur auto- 
matically following the presentation of a 
stimulus word, but that under certain condi- 
tions Ss can and do prevent their occur- 
rence. Intuitively, it is clear that the verbal 
performance of an individual would be hope- 
lessly handicapped if the occurrence of each 
verbal utterance were automatically and in- 
discriminately followed by the elicitation of 
a hierarchy of IARs, Yet, sometimes in 
errors of speech and writing, as well as in 
the reports from experimental Ss regarding 
their learning strategy, it seems equally clear 
that this is what has happened. In situations 
in which the occurrence of IARs provides a 
source of interference or confusion, it is 
assumed that the capacity to inhibit their 
occurrence is related to the degree of differ- 
entiation between the PA stimulus and the 
interfering IAR. In the present study, the 
question of whether interfering IARs can 
be “turned off” as a function of increased 
differentiation was investigated by varying 
the degrees of original list (OL) learning. 

This conception of the functioning of 
IARs, as applied to an A'-B, A-C transfer 
situation, is presented in Fig. 1. During OL 
learning, S learns to associate A’ and B. 
Leaving aside for the moment the occurrence 
of IARs during OL, let us consider the pro- 
cesses assumed to occur during test list 
(TL) learning. It A’ is an associate to A, 
then when A is presented as a PA stimulus, 
A’ will occur as an IAR; and will serve as 
a mediating link to Response B, which in 
turn will interfere with the acquisition of 


Response C. However, any factor that helps 
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differentiate A’ from A, such as increased 
OL learning, will facilitate the “turn off” of 
A’ during TL learning and will thus reduce 
response interference. . 
Finally, this study is concerned with the 
problem of where or when in the course 
of learning the mediating response occurs. 
Keppel (1968) has cited, in his review, 
evidence pointing to test stage mediation, 
while other investigators (cf. Mink, 1963; 
Underwood, 1965) have provided convincing 
evidence that IARs must be elicited -— 
training. This third question is investigated 
by constructing two different types of A’-B, 
A-C lists, in which the directionality of = 
associative relationship between OL and T 
varies. A consideration of Fig. 1 in ar’ 
nection with the following will help to pod 
cate the experimental conditions. For bo " 
unidirectional and bidirectional paradigms 
is assumed, given A > A’, that A’ will rating 
as an IAR, on the TL, thereby media E 
the occurrence of B as a competing eg S aps 
with C. However, in the Livia uia 
adigm, the additional A' > A y qe 
lationship is assumed to result in A P Um 
as an IAR, during OL. In this uently, 
will be associated with B. ciation 
when A is the TL stimulus, this ass Re, 
mediates the occurrence of B as an {f Re- 
which interferes with the acquisition : thus 
sponse C. The bidirectional paradigm onse 
has a second source of mediated resp 
interference, is 
If this model of mediational proce a 
correct, there should be greater inter = hen 
when bidirectional lists are used than id be 
unidirectional lists are used. It shou t an 
emphasized that this model assumes agere 
IAR, (A) is occurring automatically stab- 
ing the OL stage and that B is being € 
lished as an IAR; to A. 


METHOD 


sa 

Design—The experiment was duit s 
3X3X2 factorial, with 18 independent P ara- 
Each S learned two lists in an A'-B, L learning 
digm. There were three levels of O hs of as- 
(low, moderate, and high), three siae words 
sociative relationship between the stimu n um : 
of OL and TL (OL was a primary e aaoo 
weak-strength associate, or a zero-strengt lation- 
ate of TL), and two types of associative EF uni- 
ship between OL and TL (bidirectional an 
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OL: 


TL K n 


Unidirectional 
Given: A—A 


sumed 


Group: 


Fic. 1. Mediational processes as 


ale tional). The term bidirectional is operation- 
Mio id as meaning that, as judged from word 
pue ation norms, the words on the TL will elicit 
vice words on the OL as associative responses and 
while qe" The term unidirectional indicates that 
soe TL words will elicit OL words as as- 
is, t ave responses, the reverse 1s not true. That 
to TL is no associative relationship from OL 


onsisted of eight 
imuli and single 
varied to meet 
ments of that 
ed—one for the 


paincts—Both the OL and TL c 
letter. associates, with words as st 
e S as responses, The OL was 
rou particular associative require 
unid Two different TLs were us for 
midirectional conditions and one for the bidirec- 


ti I i 
mute Conditions. The associative relationship re- 
Tements of the design made it impossible for the 

c identical, but 


Sti 
PM terms of the two TLs to b E. 
fxam €Sponse terms were the same on both. An 
Aple from the primary unidirectional OL and 
lists is: OL, smoxe-F ; iL. TOBACCO-R, where 
SMOKE — roracco associative strength = 0% 
the TonAcco — sMoKE associative strength = 
tional Jj An example from the comparable pamer 
SWep lists is: OL, swrer-F; TL, sour-R, where 
56.39% — sour = 43.1% and SOUR SWEET = 


age of the unidirectional and pidirectional con- 
tires: chad three different OLs comprising the 
e * different levels of associative relationship be- 


n primary trengt! 
A L and T strength 
. The mea! i : 52. 


“aA 

SDL A), for th idirectional 1 

"ui 71655. For “the bidirectional list, the mean 

ang A'Y strength (A — A^) was 3975, SD — 15.50, 
the reverse strength (A' A) was 3250, SD 


a s 
A ——>B D——> B 
Fr a P 
A-———e AE 
Bidirectional Control 


Given: A«—A 


to occur in test list for unidirectional, 
bidirectional, and control paradigms. 


= 15.35 (Russell & Jenkins, 1954). For the two 
weak-strength lists, the stimulus terms of OL were 
minimally related to the stimulus terms of TL (as- 
sociative frequency of 2-3/1008). The same unre- 
lated OL was used for both the unidirectional and 
bidirectional control conditions ; there was no as- 
sociative relationship between these OL stimuli and 
either TL. The words of the two TLs and five 
OLs (four experimental and one control) were 
equated as closely as possible for familiarity, with 
the majority being of AA frequency as rated by 
Thorndike and Lorge (1944). 

Several other restrictions were applied in choos- 
ing these words. As indicated in the preceding, 
for the unidirectional primary- and weak-strength 
lists, none of the OL words elicited any of the TL 
words as associative responses. That is, there was 
an associative relationship from TL to OL, but 
not from OL to TL. For both unidirectional and 
bidirectional weak associative lists, there was no 
associative relationship between any OL word and 
any TL word, other than the one word to which 
the OL term was a weak associate. For both the 
unidirectional and bidirectional control conditions, 
there was no associative relationship in either di- 
rection among any of the OL words and any of the 
words of either TL. 

Both unidirectional and bidirectional lists used 
the same response terms. These were single let- 
ters (consonants, including Y), with no duplica- 
tions from OL to TL. Each set of eight letters 
had equal U-count frequencies (Underwood & 
Schulz, 1960) and equal distributions throughout 
the alphabet. None of the response letters ap- 
peared as part of the stimulus term with which it 
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was paired. In addition, none of the letters learned 
successively sounded alike, nor did they form 
common words or abbreviations. There were two 
pairings of the stimulus and response terms for 
each list. 

Procedure.—The lists were presented for learn- 
ing (anticipation method) via a Stowe memory 
drum at a 2:1 rate, with a 3-sec. intertrial interval 
and 60 sec. between OL and TL. Four different 
orders of presentation were used, with each order 
used as the starting order equally often. OL 
learning was to one of three criteria: low (3/8), 
moderate (7/8), or high (two perfect successive 
trials: 8/84- 8/8). TL learning was continued, 
after a study trial, until S' reached a criterion of 
one perfect trial or for seven trials, whichever 
took longer. 

Assignment to condition was in blocks of nine, 
with one S from each OL criterion condition and 
each associative strength condition per block. Over 
each set of four blocks, the two pairings of the 
unidirectional and bidirectional lists were pre- 
sented equally often. The running order within 
blocks was determined by means of a table of ran- 
dom numbers, as was the assignment to starting 
order. 

Subjects—There were 16 Ss in each of the 18 
groups. The Ss were students of introductory psy- 
chology at the University of California, Berkeley, 
who were not necessarily naive to verbal learning 
experiments. Twelve Ss were discarded, either 


+3 


+2r A 


Mean Number of Items Correct (E-C) 


A———A Bidirectional Primar) y 


-3- A- —-A Bidirectional Weak 
9— —9 Wnidirectional Primary | 
O~- -O Unidirectional Weak 
i 1 1 1 
o 20 40 60 80 
Mean Number of OL Reinforcements 
Fic. 2. 


. g Mean number of items correct on test 
list, Trials 1 and 2 (experimental minus control), 
(For explanation of bidirectional low conditions 
see text.) i 
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because English was not their native language or 
for failure to learn the OL in 30 trials. 

It should be noted that since this criterion was 
applied to all OL conditions, it is possible that 
some bias was introduced by eliminating slow 
learners from the high- and moderate-OL-criterion 
groups but not from the low OL group, since no 
Ss failed to reach the low criterion in 30 trials. 
However, with one exception discussed subse- 
quently, there was no evidence that the groups 
differed in PA learning capacity as judged from 
performance on the OL. 


RrsuLTS 


First-list learning.—Different first lists 
were used for each of the experimental con- 
ditions and for the control conditions, SO 
that differences in list difficulty could not be 
ruled out. However, all groups can be com- 
pared on the number of trials required to 
Teach the minimal criterion of 3/8. The 
overall mean was 3.41, with a range of means 
for the 18 groups of 2.50.62. An analysis 
of variance indicated that there was no sig- 
nificant difference between lists, F G 2 
— LO9. Nor were there any une 
within-list differences among the timer, the 
criterion groups, with the exception 0c o7 
bidirectional control list, F (2, 270) — the 
P «0l. This difference was due fo on 
slow learning of the low-criterion group 
this list, ing to 

The 12 groups who continued learning or 
at least 7/8 criterion were compare The 
trials required to reach this criterion. f 
overall mean was 10.92, with a range ii 
8.06-14.38. There were no significant p^ 
ferences between lists, F (5, 180) — e n 
within lists, the largest F being that y 1 
unidirectional control list, F (2, 180) — - à 
These results Support the previous d 
that it was the low-criterion group oo 
nated from the present analysis) that was ml 
sponsible for the significant difference in th 
Previous bidirectional control comparison. I 

Second-list learning.—Performance on km 
TL was evaluated by determining the nm 
ber of pairs correctly anticipated on tne Te 
and second test trials, by determining ! 
number of trials to criterion, and by using 
several error measures. In all CASES the 
low-criterion bidirectional control group 
showed poorer learning performance (sce 
Table 1). Since this group also was note 
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TABLE 1 


NUMBER or [TEMS CORRECT (TRIALS 


ERRORS, OMISSION ERRORS, AND 


1 AND 2), TRIALS TO CRITERION, OvERT 
LIST ĪNTRUSIONS FOR 


BIDIRECTIONAL AND UNIDIRECTIONAL GROUPS 


Low OL Moderate OL High OL 
Item 
Primary | Weak | Control |Primary | Weak | Control Primary | Weak | Control 
Mean number of items correct 
„(Trials 1 and 2) " " 
directional 5.75 | 744 | £948 | 6.31 | 6.19 | 856 | 856 | 838 | 9.12 
y, Unidirectional $41 | 662 | 844 | 8.69 | $.38 | 9.06 |10.44 | 9.38 | 8.88 
ean trials t iteri 
recon ian iss |1091 liasse | 8.50 | 8.00 | 669 | 7.31 |718 | 7.50 
nidirectional 1312 | S44 | 7.56 | 7.69 |664 | 6.31 | 5.12 | 5.62 | 5.44 
error: itv we - 
sjpelopporturey) 312| 0| .30»| 208 | 175 | 127 | .129| .107 | .149 
nidirectional .284 210 146} .122 146 1 .065 |! .092 .086 
omissi s i 
ve i il .558 .522 .539»| .552 -566 546 527| .503 .450 
Unidirectional o| 303| 1375 | :592 | 583 | S41 | 614] .576 | .632 
“ean No. interlist intrusions p 2 
in No. int 256 | 1.69 | 225 | 1.81 | 238 | 144 | .69 | 1.12 | 1.50 
$ BEDS Mm 138 | 169 | 1.06 | L00 | L81 | 1.94 | .38 |162 | 125 
(interlist intrustions/ 
Opportunity) 3 0 275 254 197 194 144 
pigh porton: ag6| .136| -238| -19 .275 | .25 : 1 i 
S psa Eu 159| 72| [183] (143| 190] 287 | 078] .149 | .160 


* As discussed in the text, the results of th 


to be significantly variable on OL, it might 


cum appropriate to use an analysis of co- 
Variance to adjust for differences in learning 
not turn out to 


ability, However, this does 
* a feasible solution since the slow learners 
9^ the OT, were not the slow learners on the 
i Accordingly, in the following discus- 
Sion it should be kept in mind that the dif- 
Srénces between the low-criterion bidirec- 
“onal experimental groups and their control 
Sroup may be overestimated. us 
cquisition of test list.—The data for T] 
Piltisition are presented in Table 1 and in 
18.2. Transfer was measured by the num: 
ber of items correct on Trials 1 and 2 since 
Previous studies have shown that perform- 
nice on early trials is most sensitive to 
Mediated transfer effects. However, as dis- 
diced in the following, the trials-to-criteriem 
= indicate that the same effects are sti 
esent in later TL performance. . 
] ^ analysis of cim] based on LE 
d and 2 (after logarithmic pee am i 
sip € to heterogeneity of variance) indica à 
aBificant main effects for both direction 
Sity; F (1, 270) 2 697, P< .01, and for 
criterion, F (2, 270) = 13.55, P< .001. 
hese results can be interpreted best 1n terms 


is group are discrepant throughout. 


of the significant interaction effects, OL Cri- 
terion X Associative Condition, F (4, 270) 
= 2.35, p< .06, and Directionality x OL 
Criterion X Associative Condition, F (4, 
270) 2 3.15, p < .05. This triple interaction 
is due to the difference in performance be- 
tween the experimental conditions (primary 
and weak associates) and the control condi- 
tion, ie. is due to differential transfer ef- 
fects: Directionality X OL Criterion x Ex- 
perimental/Control, F (2, 270) = 6.18, p < 
‘005. In this analysis, the (C-D) control 
conditions are used as the learning-to-learn 
reference condition, against which effects due 
to associative relationships are to be com- 
pared. Although it is usual to include only 
one such control condition, the necessity of 
using two test lists to study the effects of 
unidirectionality and of bidirectionality made 
it necessary to include a control group for 
each list at each level of OL learning.’ 


3 It should be pointed out that if the deviant low 
OL bidirectional control group is eliminated and 
the data from the remaining low OL control Ss are 
randomly divided to form two low OL control 
groups of N =8 each, an analysis of variance (un- 
weighted means solution) yields only one interac- 
tion of marginal significance: OL Criterion X Ex- 
perimental/Control, F (2, 254) =2.45, p<.07. 
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A Bidirectional 

@ Unidirectional 
--- Omission Errors 
—— interlíst Intrusions 


i -6) 
Mean Proportion of Errors per Opportunity (E 


1 


1 -L 


E 
40 60 80 


[7 20 
Mean Number of OL Reinforcements 


Fic, 3. Mean proportion of errors per oppor- 
tunity (experimental minus control), averaged 
over primary and weak conditions. 


As can be seen from Table 1 and Fig, 2, 
for the unidirectional conditions, transfer 
changed from negative to positive with in- 
creasing degrees of OL, learning. For the 
bidirectional conditions, the apparent positive 
transfer of the low bidirectional groups (see 
Fig. 2) is due to the unusually poor per- 
formance of the control Ss. In terms of the 
absolute number of items correct, it can be 
seen from Table 1 that the bidirectional and 
unidirectional groups are quite similar. 

While the interpretation of the results 
from the low bidirectional groups is thus 
unclear, it is clear that for moderate and 
high degrees of OL learning, the bidirectional 
groups show greater negative transfer than 
do the unidirectional groups. Furthermore, 
while this negative transfer decreases with 
increasing OL learning, it never becomes 
positive. 

An analysis of variance of trials to cri- 
terion (after logarithmic transformation due 
to heterogeneity of variance) yielded essen- 
tially the same results, Significant main ef- 
fects were obtained for directionality, Fl, 
270) = 14.11, P «.001, and for OL cri- 
terion, F (2, 270) = 3225, p < .001. The 
triple interaction, Directionality x OL Cri- 
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terion X Experimental/Control was of mar- 
ginal significance, F (2, 270) = 2.95, .05 < 
p < 0. 

Overt errors.—Kach S was scored for the 
number of overt errors made during the 
first seven trials as a function of opportunity, 
using the formula: total errors/(56 — num- 
ber of omissions), where 56 was the maxi- 
mum possible correct over seven trials. This 
ratio provides a measure of the proportion 
of emitted responses that were incorrect. 
An analysis of variance performed on these 
Scores (see Table 1) indicated significant 
main effects for directionality and for OL 
criterion. A higher ratio (as well as an 
absolutely greater number) of errors was 
made in the bidirectional than the get? 
tional conditions, F (1, 270) = 9.14, d dS 
01. In addition, a higher ratio (as we ae 
an absolutely greater number) of errors i 
made by the low-criterion Ss than by de 
moderate-criterion Ss, who in turn Po 7 
more errors than the high-criterion 23; 
(2, 270) = 22.63, p < .001. data on 

Interlist intrusion errors.—1he ding sec- 
overt errors presented in the pre errone- 
tion are comprised of several sorts O interlist 
ous responses, ie, intralist errors, In the 
intrusions, and extralist intrusions. being 
context of the mediational model clear 
espoused in the present paper, pe eatest 
that the interlist intrusion error is of E vides 
interest since this type of error A ence. 
empirical evidence for mediated interfer 
That is, if it is true that during ae 
the mediational processes occur in prse 
ner suggested in Fig. 1, then the present? db 
of A stimuli on the TL should result which 
implicit elicitation of B responses, ien o 
would then interfere with the aois t 
C responses. A clear demonstration e the 
mediated response interference would 
overt occurrence of B responses ice dh o 
acquisition, i.e., would be the mem a type 
interlist B intrusion errors. Hence in the 
of error data is of great importance 
problem presently under study. 


an- 


] Re 

4 In addition to the interlist intrusion pope ^ 
(as B), the intrusion of an IAR: (i.e, Sa ititen= 
TL also would provide evidence of medial in Fig. 
ference consistent with the model presented ir the 
l. In fact, such an intrusion is unlikely in 
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Accordingly, each S was scored for the 
proportion of interlist intrusions making up 
the total overt error score (number of inter- 
list intrusions/total overt errors). The 
mean values for these ratio scores and for 
the absolute number of such intrusions are 
Presented in Table 1. An analysis of vari- 
ance performed on the ratio scores for the 

experimental groups indicated that there 
Were significantly more intrusion errors for 
the bidirectional than unidirectional Ss, F 
(1, 180) = 22.00, p < 001. The main ef- 
fect of associative relationship also was sig- 
nificant, F (1, 180) = 4.00, p < .001, with 
More errors occurring when there was a 
Weak associative relationship between TL 
and OL than when there was a primary re- 
lationship. Both the main effect of OL cri- 
terion and the OL Criterion x Unidirec- 
Nonal/Bidirectional List interaction are of 
Marginal significance, both Fs (2, 180) = 
3.00, P< .06. The OL Criterion X Uni- 
lrectional/Bidirectional List X Associative 
*elationship interaction was significant, F 
(2, 180) = 5.00, p < .01. 
he data for intrusion errors, averaged 

over the primary and weak association con- 
ditions (minus the control data) are plotted 
in Fig, 3, As can be seen, for low degrees 
E OL learning the unidirectional and bi- 
incectional conditions are very similar. e" 

creasing OL, the number of intrusions de- 
Sreases for the unidirectional conditions, but 
Ncreases for bidirectional conditions, indi- 
ug increasing mediated response inie 

rence with increasing A’-B strength. 
;, SWman-Keuls comparison of the six iu 
en ted that there was a significant s t 
Nee between the unidirectional and bi d 
tona] groups for moderate and for high d 
Sets of OL learning, p’s < 05; however 
“© difference for low OL learning was no 
“nificant, 


S can be seen from Fig. 3, à 
r : soci 
© of nonlearning (omission € 
Show this difference betwee! 


Dres i word, while 
the “Dt experiment, since IAR: ete $5 would be 


© cor i 
wi Correct C is a letter, i es 
ina : ihe; fenm i 
“Mable categories. Thus, g discussion, 


3 . 
i IAR. as used in the followin: 


nother mea- 
rrors) does 
n unidirec- 


refers 


2 Intrusions only. 


tional and bidirectional groups, F (1, 180) 
= 1.28, p > .25. Thus it seems clear that 
the slower learning of the bidirectional 
groups can be attributed largely to mediated 
response interference. 


Discussion 


The results of the present experiment sup- 
port the three assumptions presented earlier, 
with certain limitations. Both strong (pri- 
mary) and weak associates can function as 
IAR,s to mediate transfer. It is less clear 
that the absolute amount of transfer is related 
to the strength of the mediator, although there 
is a tendency for this to be true when there 
is only one source of associative mediation, as 
in the unidirectional conditions. The presence 
of a second source of mediation, as in the bi- 
directional conditions, overshadows the effect 
of associative strength. Across a number of 
measures, for moderate and high degrees of 
OL learning, more negative transfer occurred 
in the bidirectional than in the unidirectional 
conditions. Since both conditions have the 
A — A' — B source of interference occurring 
during the TL, it must be the additional A — B 
source of mediated interference, based on medi- 
ational IARs that occurred during OL learn- 
ing, that accounts for the greater negative 
transfer in the bidirectional groups. Finally, 
the finding of decreasing negative transfer 
with increasing degrees of original learning 
supports the assumption that under certain 
conditions, Ss can “turn off” IARs if these 
provide sources of interference. 

The model presented in Fig. 1 is also sup- 
ported by the error results. This model as- 
sumes that there will be more negative trans- 
fer in bidirectional conditions due to the 
additional A — B mediation of the competing 
response, B. The error findings, that interlist 
intrusions of B are greater for bidirectional 
than for unidirectional paradigms under those 
conditions in which greater bidirectional nega- 
tive transfer was obtained (moderate and high 
degrees of OL learning), is fully consistent 
with the assumption. The finding that unidi- 
rectional and bidirectional paradigms do not 
differ in interlist intrusions when the bidirec- 
tional paradigm does not show greater negative 
transfer (low OL) is also consistent with this 
assumption, as is the finding that the two 
types of paradigms do not differ in omission 


errors, a measure that does not primarily reflect 


mediated interference. 


308 


The prediction of greater negative transfer 
in the bidirectional paradigms is based on the 
assumption that the competing response, B, 
is learned during OL learning. Under moder- 
ate and high degrees of OL learning, it can 
be assumed that such learning has occurred, 
However, with a low OL criterion, which re- 
quires only three out of eight correct SR 
pairings, it is probable that there is minimal 
learning of the B responses. In this case, the 
prediction of greater negative transfer based 
on OL learning would not apply. The finding 
that unidirectional and bidirectional paradigms 
do not differ in interlist intrusions of B re- 
sponses under low degrees of OL learning is 
consistent with this notion. 

The interpretation of the relative transfer 
effects of bidirectional and unidirectional con- 
ditions under low degrees of OL is difficult to 
make due to the aberrant performance of the 
low bidirectional control group. On the basis 
of the present data, the transfer effect for the 
low bidirectional groups can only be considered 
to be indeterminate, The results for the mod- 
erate- and high-OL-learning conditions are 
clear. With increasing degrees of OL learn- 
ing, transfer changes from negative to posi- 
tive for the unidirectional conditions. While 
the bidirectional conditions also show a de- 
crease in negative transfer with increased OL 
learning, the effect Temains negative even un- 
der the high OL condition. 


t is suggested that increased Presentation 
of OL stimuli i i 
» 


n does 
C-D, due to S’s capacity to “turn off” A’asa 


response to A. With increasing degrees of OL 
learning, the capacity to differentiate between 
A and A’ is increased even more, with the 
result that the experimental S is better able to 
eliminate OL response competition than is the 


The Ss in the bidirectional conditions also 
show this same pattern, and it is assumed that 
this reflects the same increasing ability to turn 
off the A'-B (IAR,;) source of mediated re- 
Sponse interference with increasing degrees of 
OL learning. However, the second IAR, 
source of interference (A-B) Temains, and 
hence transfer continues to be negative. The 
fact that high degrees of OL learning increase 


the number of interlist intrusion errors by 
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strengthening the A’-B association while de- 
creasing the overall amount of negative trans- 
fer is consistent with the findings of Mandler 
(1962). Another way of stating the ndina 
regarding the unidirectional vs. bidirectiona 
paradigms is to note that with increasing 4 
grees of OL, Ss are able to turn off IAR; 
Sources of mediated interference, but not those 
due to IARss, It is suggested that the diff 
culty in turning off IARgs in the present ex- 
Periment was due to the fact that paier 
responses are easily confused, ie, are poorly 
differentiated, 

It should be noted that this finding of the 
importance of degree of OL learning in Pn 
ducing negative transfer differs from results 
reported by Postman (1962) and by Spence 
and Schulz (1965). In the latter two invest 
gations, degree of OL learning did not ee 
entially affect the amount of negative ers 
found in an A-C, as compared to a C-D, oed 
digm, i.e, there was no Degree of OL pon 
ing X Paradigm interaction, Since this iet 
action is found so consistently in Loud gen 
Study, it is important to consider possi! al dif- 
Sons for the different results, One at those 
ference between the present study OL Learn- 
not finding a Paradigm x Degree of an A’-B, 
ing effect is that in the present etudy S stud- 
A-C paradigm was used, while the i s dis- 
ies employed an A-B, A-C paradigm. C parar 
cussed previously, in the A’-B, f egative 
digm it is assumed that the decrease in if arning 
transfer with increased degrees of OL rentiate 
was due to S"s increased ability to im 4 
between A and its IAR; (A/) during rocess 
Considered from this point of view, the Tod 
Occurring in the A-B, A-C paradigm ked to 
what different, Here, the mediator apr an 
the competing response is not an rum añ 

hile it is tempting to think = à con- 
#S representing the maximum point lationship, 
tinuum of Strength of associative relati nega- 
Which should thus produce the ecg may 
tive effect in an interference paradigm, v the 
be that stimulus identity (RR) is not resent- 
same functional continuum as IARs aoni 
ing various degrees of associative wwe para- 
From this Point of view, the pet A-C, 
digm is quite a different case than of OL 
and it would not be expected that ve i E two 
learning would have the same effect xd derly- 
Paradigms. Just what the differing ae ecu- 
ing mechanisms might be can only be iger- 
lated about at this point. However, barre en 
ing that transfer involves list differentia dif- 
it is apparent that to the extent that list 
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ferentiation involves differentiation of the OL 
and TL stimulus terms, when these differ, as 
in the A'-B, A-C paradigm, increased OL 
trials may facilitate such differentiation. How- 
ever, when the stimulus terms are identical, as 
in the A-B, A-C paradigm, there is no need 
to differentiate between them, and hence in- 
creased OL trials will have no effect. Thus 
the need for interlist stimulus differentiation 
may be a critical factor in determining the ef- 
fect of degree of original learning. This em- 
phasis on stimulus differentiation was, of 
course, of major importance in Gibson’s (1940) 
theory, and it is noteworthy that she did not in- 
clude identical stimuli in her discussion of 
generalization. 
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CORTICAL SLOW-WAVE AND CARDIAC RATE 
RESPONSES IN STIMULUS ORIENTATION 
AND REACTION TIME CONDITIONS? 


WILLIAM H. CONNOR ax» PETER J. LANG? 


University 


of Wisconsin 


The cortical slow wave and cardiac rate of human Ss were studied in 
response to simple nonsignal auditory tones and to similar tones marking the 


onset of a reaction time (RT) foreperiod. 
amplitude of the biphasic heart rate response 


intensity and signal conditions, 
deceleratory components 
negativity. Furthermore, Ss who 


during the task yielded higher negativity. Slow. 
with eyeball movement, although eyeball mov 


cortical response. 
with cardiac rate events which have 


attentional processes and with activation, 


Lacey (Lacey, 1959; Lacey, Kagan, 
Lacey, & Moss, 1963) holds that the direc- 
tion of the cardiac rate Tesponse varies with 
S’s perceptual set. Cardiac acceleration is 
associated with rejection of environmental in- 
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ond ex- 
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? Requests for reprints should be Sent to Peter 
J. Lang, Department of Psychology, University of 
Wisconsin, Psychology Building, Charter at John- 
son, Madison, Wisconsin 53706. 


Cortical negativity and the 
Were greatest under high- 


The initial acceleratory and secondary 


correlation with cortical 
Teported themselyes to be more alert 


Lacey ( 1967) suggests that this gion 
ship reflects an attention facilitating effect o 
Cardiovascular feedback on cortical eem 
He points out that vascular sites of ec 
influence (e.g., the pressure sensitive carotic 
Sinus) have been uncovered by pup 
ological research (Bonvallett, Dell, & Hiebel, 
1954), ional 

The cortical correlates of this = a 
process have not been specified. nd 
Walter (1964, 1967) has demonstrated bs 
slow, vertex hegative waves may be Some s 
from the brain during a variety of condition ^ 
in which the common element is anticipat 
of a response, Initially termed the Ero 
ancy wave and later renamed prise imn 
negative variation (CNV), this ere 
Cortical phenomenon is characteristic of t 
RT Context, with maximum negativity ian 
before imperative stimulus onset. a cet 
more, Irwin, Knott, McAdam, and - n 
(T966) and Rebert, McAdam, Knott, & 
Irwin (1967) found that conditions whi 
facilitated RT produced larger CNVs. hich 

The parallel between situations T a- 
evoke cardiac deceleration and cortical EA 
tivity encourages their evaluation in a t re- 
mon experimental series. ThE PE both 
search evaluates the hypothesis m: ra 
responses show greater amplitude reto 
signal stimulus than after a nonsignal i: s 
ulus with the same physical mp tee o à; 
Also, the study was designed to determine 
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whether these responses are affected by stim- 
ulus intensity and task complexity (simple 
vs. disjunctive RT). 

Even in simple nonsignal conditions, the 
cardiac rate response is complex, with a 
biphasic or triphasic arrangement of both 
acceleratory and deceleratory components 
usually observed (Lang & Hnatiow, 1962). 
Graham and Clifton (1966) suggest that the 
acceleration reflects startle or defensive re- 
flexes, while deceleration reflects orienting 
behavior, Thus, a single heart rate response 
may include elements relevant both to “acti- 
vation” and inhibitory-“attentional” pro- 
cesses. 

In the present experiments, the signifi- 
cance of the obtained heart rate and slow- 
Wave cortical waveforms was determined by 
trend analysis and the relationship of sep- 
arate components to performance examined. 
Correlations between physiological systems 
Were assessed, and the relationship between 
Systems and subjective report of alertness 
Was evaluated. 

Two experiments are presented. The first 
study examined cortical and cardiac rate re- 
Sponses generated by auditory tones of two 
different intensities and by simple and dis- 
Junctive RT tasks. The second experiment 
Teplicates the first study (omitting the dis- 
Junctive RT) using a more balanced design 
and explores the possible role of eyeball 


Movement as an artifact in CNV recording. 


METHOD 
Experiment I 


an sample consisted of 24 m 
enn volunteered for participation 
nnection with undergraduate PS. 
requirements, E 
Four experimental conditions were employed, 
Sach S receiving all conditions in one of four 


COUnterbalanced orders. In each of the two non- 
ld to relax but remain 


s (relay closure 
ion of the tones 


ale undergraduates 
in research in 


ychology course 


and at a 2d 0 db. f 
e. po the low-intensity series. 

Ss were told a re 
Spond to tone of each pair (signal 
and Mi s pr a microswitch as 
quiskly as possible. B re 800 Hz. 
3nd approximately 80 db. 
nective RT condition, Ss Wer 


apond to the second tone in each set only if it were 
the same as the first. In this latter condition, the 
first tone of each set was always an 800-Hz. tone 
of 80 db.: on 10 trials the second tone was the 
same, on 5 trials the second tone was 500 Hz. 
at 80 db. and on 5 trials it was 1,200 Hz. at 
80 db. Order of presentation of second tones was 
independently randomized for each S. In both 
signal conditions, the second tones also lasted 1.92 
sec, and the interval between offset of the first 
tone and onset of the second was a constant 5.76 
sec. The mean intertrial interval was 58 sec., with 
a standard deviation of 16 sec. No intertrial in- 
tervals were less than 30 sec. The tones were pro- 
duced by an Eico audio generator, amplified by a 
General Electric amplifier, and transmitted through 
a 10-in. wall-mounted Jensen speaker. Sequenc- 
ing was controlled by a series of transistorized 
timers, and response latency was assessed by a 
Berkeley frequency meter. 

Physiological recording.—Heart rate, EEG, res- 
piration, and finger volume were continuously re- 
corded throughout the experiment on a Grass 
Model V polygraph. EKG electrodes were placed 
at the lower extremities of the rib cage, and a 
Fels cardiotachometer converted the EKG signal 
to a step-function measure of rate. Silver-silver 
chloride Grass disc electrodes were used for the 
EEG signal which was recorded vertex to mas- 
toid. The EEG signal was fed into a Grass low- 
level de preamplifier which had been modified to 
introduce a time constant of about 8 sec. into the 
signal. Respiration was recorded from a strain 
gauge attached around S’s chest, and finger vol- 
ume from a digital oncometer on the third finger 
of the left hand. The latter two variables are of 
only peripheral relevance to the experimental hy- 
potheses and are not reported. 

Data reduction.—The EEG and EKG heart rate 
signals were recorded on a Technical Measurement 
Corporation Model 700/1400 series magnetic tape- 
recording system, along with a series of pulses, 
each preceding stimulus onset by 3 sec. Data 
from the polygraph or from the recording system 
were transmitted to a Technical Measurement 
Corporation Computer of Average Transients 
(CAT) Model 400B for averaging over trials. 

The CAT analysis provided a data point every 
160 msec. along the averaged EEG and cardio- 
tachometer curves. These points were printed out 
on a Hewlett-Packard automatic printer and 
f six addresses (.96 sec.) so 
that, for each channel, there were three sets of 
stimulus information and eight sets of data up 
e second stimulus. For EEG data, 
he set immediately preceding stimu- 
defined as the base line, while for 
ower moving system), the median 
of the medians of the three prestimulus sets was 
used as the base line. Subtraction of these base 
lines from each of the eight poststimulus medians 
provided change scores which were converted, us- 
ing calibration data, to beats/min or microvolts, 


grouped into sets o! 


pre: 
to onset of th 
the median of t 
lus onset was 
heart rate (a sl 
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Procedure.—Prior to participation in the data- 
gathering sessions, all Ss were given an introduc- 
tory session during which an attempt was made 
to familiarize them with the apparatus and pro- 
cedure to be used. A questionnaire was admin- 
istered and discussed, the nature of the experi- 
ment explained, and Ss were given the option of 
choosing not to participate (one S did so and was 
replaced). The physiological recording devices 
were attached, the instructions given, and four 
trials of each condition administered with S seated 
in a reclining chair in a darkened room. A 
minimum of a week later, the first of two data- 
gathering sessions was held. The S was told that 
part of his task throughout the session was to re- 
lax and refrain from movement. The partially 
soundproofed S room was then darkened and after 
a 10-min. delay for stabilization of the recordings, 
instructions for the first condition were given and, 
3 min. later, the first trial administered. Before 
cach subsequent condition, E entered the S room 
and gave the instructions for the next condition, 
The same procedures were used in the second 
recording session held at least 1 wk. later. Thus 
the experiment required a total of three sessions, 
each about 14 hr. long. 


Experiment II 


The sample for the Second experiment also 
consisted of 24 male undergraduates, A low-in- 
tensity signal condition (S0 db., simple RT) re- 
placed the disjunctive RT condition, and two 
channels of eye movement replaced respiration and 
finger volume, EEG in the second experiment 
was always assessed vertex to right mastoid, Sil- 
ver-silver chloride electrodes attached to the 
forehead (vertical) and right temple (horizontal) 
referenced to the tip of the nose provided the eye 
movement channels, The signals were fed into 
Grass low-level dc Preamplifiers which had been 
modified to introduce 10-sec. time constants, 
Change scores from these channels were calcu- 
lated in microvolt units. Only one data-gathering 
session followed the introductory session, and all 
data was processed on-line by the CAT. With 
these exceptions, the method and procedure used in 
the second experiment were the same as in the 
first experiment, 


RrsurTs 
Experiment I 


Cardiac response curves s 


— The heart rate 
response curves for the fo 


ur conditions in- 

3 An analysis of covariance design, using the pre- 
stimulus base line as a covariate was considered, 
However, the correlations between base line and 
change scores were low and inconsistent, so that 
such an analysis was not considered appropriate. 
Analyses of base-line data in both experiments 
parallel to those reported for change scores did 
not yield significant base-line effects. 
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cluded in the first experiment are shown in 
Fig. l. As for all figures in this section, 
the vertical axis is change from a prestim- 
ulus base, while the horizontal axis is time 
from stimulus onset. The first tone occurred 
during the first two intervals and the sec- 
ond tone (in signal conditions) immediately 
followed the last time interval score graphed. 

The heart rate curves all showed an initial 
deceleration below base line, acceleration 
above base line, and secondary deceleration 
below base line. In nonsignal conditions, 
there was a return toward base line, while in 
signal conditions there was continued de- 
celeration in the last interval. Trend analy- 
ses showed that the quartic component was 
significant in all of these curves (the range 
of F values with df = 1, 20 was 10.03-51.23, 
P < .01), accounting for 5496 (50-db. stim- 
ulus) and 3896 (80-db. stimulus) of the non- 
signal conditions variance, but only 21% 
(simple RT) and 12% (disjunctive RT) of 
Signal conditions variance, On the other 
hand, the quadratic trend accounted for most 
of the signal conditions variance—69% ; sim- 
ple RT, F (1, 20) = 68.45, p< 01, and 
75% ; disjunctive RT, F (1, 20) = 5625, P 
< .01—while this quadratic component was 
hot significant for the 50-db. nonsignal con- 
dition and accounted for only 48% of the 
variance in the 80-db, nonsignal condition, F 
(1, 20) = 11,77, b «.0l. Together quad- 
ratic and quartic components accounted for 
more than 80% of the variance in each of 
the four conditions. 

Tn an analysis of variance of these data, 
there was a significant conditions effect, F 
(3, 60) = 497, p< 01, and a significant 
Time X Condition interaction, F (21, 420) 
7 726, p < 01, By a Newman-Keuls test, 
only the simple and disjunctive RT condi- 
tions were not significantly different. Mor x 
accelerative change occurred in the high- 
than in the low-intensity nonsignal quan a 
and in signal conditions than in nonsigna 
conditions. The quadratic component of thè 
Time x Conditions interaction was signifi- 
cant, F (3, 60) = 15,50, p < .01, and ac- 
counted for 65% of the interaction variance. 
This reflects the larger quadratic component 
(acceleration-secondary deceleration) in sig- 
nal conditions. 


CORTICAL SLOW-WAVE AND CARDIAC RESPONSE IN RT 313 


ý —— Disjunctive RT 
-— Simple RT 
"7-7 80db Non-signal 

5 pio "ume 50 db Non-signal 


Change in BPM 


3 4 5 


ONSET Time Interval 
lag in cardiotachometer recording, 
. Exp. I. (Because of the lag 
Stimuly Cardiac rate response pe point indicated on the time scale rather than at zero.) 
S onset occurs approx! 


Fn, 1, 


here was no clearly defined 

Corti curves: —The 6%). Thus, tł r. 1 
bra macs qoo the four wave form for the slow-wave cortical re- 
sponse curves. 


con Wave EEG response curves 1n UE P v 
ditions are shown in Fig. y In the analysis of variance results, there 


1 vari- : an ar 2 
ance” pal - c TW dition was a significant a EY amt E 
x 5) Ste c e RT (73%) and (3, 60) = 6.88, p< © fica less nega- 
lis; „and the simple ‘tions. How- Keuls test, there was sign y ga 
eye nctive RT (65%) ec en only for tivity in the low-intensity nonsignal gne 
the 7 Pis component was sign! dition, F (1, tion than in any other condition and ss 
20) ‘OW-intensity nonsignal conc itis col mpo- negativity in the high-intensity nonsigna 
Dent . 9.17, p< 01. The Ta ae eS condition than in the disjunctive RT condi- 
05) Was above or near signihcall The Time x Condition interaction was 


X ted for tion. i id 
“a hd. a poe also significant, F (21, 420) = 2.67, p < .01, 
all proportion 
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Change in wV 


1 2 3 


Time 
Fic. 2. Cortical slow. 


with a significant linear component, F (3, 
60) = 5.05, $ < .05, which accounted for 
89% of the interaction variance. The curves 
slope toward negativity in signal conditions 
and toward positivity in the low-intensity 
nonsignal condition, 

Within-S relationships to reaction time. — 
For within-S investigation of the relation- 
ship between response curves and RT, the 
data stored on magnetic tape were averaged 
over five "fast" and five "slow" trials in 
both simple and disjunctive RT conditions 
for each S. In heart rate analyses, the main 
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—— Disjunctive RT 
Simple RT 

777* 80db Non-signal 
we SOdb Non-signal 


4 5 6 7 8 


Interval 


-wave response curves : Exp. I. 


1, 
effect of within-S RT was signitan E 
12) = 506, p < 05, with more deceleratic 
on fast trials. The main effect of ostii 
RT was significant for sow vai and the 
activity, F (1, 12) = 8.02, p < -05, as also 
qune X Within-S RT interaction. 995 me 
significant, F (7, 84) = 245, p S waa sif- 
slope difference between the yw and ac- 
nificant, F (1, 12) = 4.90, p je : ariance: 
counted for 81% of the interaction v d with 
Thus fast within-S RT is associated wit 
more decelerative heart rate change 
slow-wave cortical negativity. 
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Experiment II 


The experimental design employed in the 
second experiment allowed for orthogonal 
comparison of signal (simple RT vs. non- 
Signal) and intensity (80 db. vs. 50 db.) 
effects. In addition to the cardiac and slow- 
Wave cortical change scores, which were as- 
Sessed as in the first experiment, two chan- 
nels of eye movement were analyzed. For 
both vertical and horizontal eye movement, 
Positive change scores reflect movement in 
the direction of the speaker (down and to 
the left of the reclining S). 

Shape of the curves—The shape of the 
cardiac response curves essentially replicated 
the characteristic wave form obtained in the 

TSt experiment, Quadratic, F (1, 20) = 
2890, 5 <.01, and quartic, F (1, 20) = 
18.52, P < .01, components were again sig- 
nificant and together accounted for 80% of 
the variance. The slow-wave cortical re- 
SPonse curves were not as similar to those 
obtained in the first experiment, and only 
the sextic component, which accounted for 
Only 3% of the variance, was significant, F 
(1, 20) = 4.73, p < .05. Both eye move- 
Ment channels showed an initial response m 
the direction of the speaker with recovery 
Oward base line, The time main effect was 


— Signal 
^ Non-signal 


Vertical 


Change in vV 


Time Interval 


Fic. 


3. Eye movement respo! 
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significant for vertical eye movement, F (7, 
140) = 7.10, p < .01, with significant linear, 
F (1, 20) = 11.65, p « .01, and quadratic, 
F (1, 20) = 5.66, p < .05, components ac- 
counting for 82% and 17% of the variance, 
respectively. 

Signal effects.—Signal-nonsignal differ- 
ences on each of the four channels of physi- 
ological information included in the second 
experiment were examined by trend analy- 
sis. The Time X Signal interaction was sig- 
nificant for the heart rate response curves, 
F (7, 140) = 778, p < .01, with significant 
linear, F (1, 20) = 12.56, p < 01, 61% 
variance, and quadratic, F (1, 20) — 14.17, 
p < 01, 31% variance, components. There 
was more acceleration and secondary de- 
celeration in signal conditions. The signal 
main effect was significant for slow-wave 
cortical change scores, F (1, 20) — 7.34, p 
< .05, and there was a significant Time X 
Signal interaction, F (7, 140) = 4.53, p< 
01, and linear component to the interaction, 
F (1, 20) = 9.83, p < .01, 96% variance; 
the curves slope toward positivity in non- 
signal conditions and toward negativity in 
the signal conditions. In the eye movement 
responses curves, shown in Fig. 3, there was 
more eye movement in the direction of the 


—— Signal 
^ Non-signal 


Horizontal 


Change in y» V 


Time Interval 


nse curves: Exp. TT. 
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Experiment T — Fast Ss 


me Slow Ss 
5 


Change in BPM 


Time Interval 


Cardiac response curves as 
experiment were divided into three grou 
the fast and slow RT gr 


oups are shown. 
of RT.) 


speaker in signal conditions. 
€ye movement, there was 
effect, F (1, 20) — 4.33, 
Curve returned to base line 


ditions, but not in signal 
was also a Time x 


For vertical 
à significant signal 
P «.05. As the 
in nonsignal con- 


horizontal eye movement. 

Intensity effects.—In the cardiac rate data, 
there was a significant Time x Intensity in- 
teraction, F (1, 20) = 431, p< 01, with 
linear (49% variance; p < 05), quadratic 
(21% variance; p < 01), and cubic (17% 
variance; p < .05) components, 
were most disparate in the first five intervals, 
with more initial deceleration and less ac- 
celeration in low-intensity conditions. The 
main effect of intensity was Significant for 
slow-wave cortical change scores, F (1, 20) 
= 5.65, p < .05, and the Time x Intensity 
interaction was also significant, F (7, 140) 
= 2.16, p < .05, with the slope difference ac- 
counting for 96% of the interaction variance, 
There was a slope toward negativity in high- 


a function of between irves for 
ps on the basis of median RT. For clarity, only the ihe basis 
In Exp. II, Ss were divided into two groups on 
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Experiment [I —— Fast Ss 
ares Slow Ss 
5 


Change in BPM 


ONSET 


Time Interval 


" first 
-S reaction time. (The Ss in the 


aivity in 
intensity conditions and toward guise 
low-intensity conditions. Intensity in eye 
significantly differentiated by  eithe 
movement channel. «oy time 
Between-S relationships to 4 ape onse 
(Experiments I and II).—Cardiac VT (fast 
curves as a function of between-S = In the 
vs. slow Ss) are shown in Fig. 4- was à 
data from the first experiment, there s F 
significant difference between RT cee’ 
(2, 21) = 5.05, p < .05, for the disj is test, 
T condition. By a Newman Ken © ive 
fast Ss showed significantly more acce In the 
change than medium or slow ^ nificant 
Second experiment, there was a sg (7; 
Time X Between-§ RT interact odisti 
112) 2224, pe 05, with ue me por- 
component accounting for ui fast re- 
tion (41%) of the variance. lerative com- 
sponders yielded a larger accele eriments, 
ponent than slow Ss in both ken compo- 
but a larger secondary decelerabni 
nent only in the second experimen al slow- 
In both experiments, the gorie ativity 
wave curves suggest larger initial na slow 
by fast Ss, but the curves for fast vs. 
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Ss were not significantly differentiated in 
either experiment. 

The eye movement response curves show 
fast Ss looking down and to the right more 
than slow Ss (down is in the direction of 
both the speaker and the response micro- 
switch, while right is away from the speaker 
and toward the microswitch). For vertical 
eye movement, the Time X Between-S RT 
interaction was significant, F (7, 112) = 
685, p < .01, with significant linear, F (1, 
16) = 23.86, p « .01, and quartic, F (1, 16) 
= 5.87, p < .05, components. The curves 
Were not significantly different for hori- 
zontal eye movement. 

Level of alertness.—Degree of alertness 
during the experiment was assessed by a 
&raphic scale of drowsiness anchored by 

Sound asleep” and “awake and alert,” which 
S filled out at the conclusion of the experi- 
Ment. Since the low-intensity nonsignal 
condition produced the most drowsiness, 
Physiological data from this condition were 
Used in subsequent analyses. Neither the 
cardiac nor the horizontal eye movement 
response curves of "alert" vs. “drowsy” Ss 
Was significantly different. For slow-wave 
Cortical activity, there was a significant main 
effect of alertness, F (1, 16) = 5.26, p < 
05, and Time x Alertness interaction, F (7, 

12) 2219, p < .05, with the linear com- 
ponent accounting for 9196 of the interaction 
Variance. There was a slope toward greater 
Positivity for drowsy Ss. For vertical eye 
Movement, the Time X Alertness interaction 
Was significant, F (7, 112) = 3:20, ? < Ob 
With the linear component accounting d 
i76 ofthe variance. Drowsy Ss were. wr 
78 up (ie, away from the speaker) in d 
ast four intervals, while alert Ss continue 
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rate response clearly has three components 
and they were measured as follows: (a) 
initial deceleration—a slow valley in the first 
two intervals, (b) acceleration—a fast peak 
in the first five intervals, (c) secondary de- 
celeration—a slow valley subsequent to the 
accelerative peak. For slow-wave cortical 
activity and eye movement, only the initial 
response (peak negativity within the first 
two intervals) was reliable and yielded sig- 
nificant relationships with the other variables. 

In both experiments, correlations between 
initial cortical negativity and all three heart 
rate components were generally positive. 
However, only 5 of the 36 correlations were 
significant, 2 with initial deceleration (rs— 
.66 and .61), 2 with acceleration (.56 and 
46), and 1 with secondary deceleration 
(43). Cardiac activity was unrelated to 
either vertical or horizontal eye movement, 
and correlations of cortical activity to hori- 
zontal eye movement were low and incon- 
sistent. 

A clear directional relationship was found, 
however, between slow-wave cortical activity 
and vertical eye movement. The average 
correlation of initial response in the two 
systems (transformed to 2, averaged, and 
transformed back to r) was .62 (p < .01), 
with cortical negativity associated with down- 
ward eye movement. 

In order to examine this association more 
closely, the change scores for slow-wave 
cortical activity and vertical eye movement, 
obtained at the eight successive intervals 
following stimulus onset, were intercorre- 
lated. This method yielded a matrix of 256 
between-system correlations. The correla- 
tions were then divided into those between 
oints coincident in time, slow-wave cortical 
“predictions” of subsequent eye movement 
activity, and eye movement predictions of 
subsequent slow-wave cortical activity. All 
significant correlations were positive; 14 of 
the 32 concurrent activity correlations 
(44%), 49 of 112 slow-wave cortical “pre- 
dictions” (44%), and 14 of the 112 eye 
movement “predictions” (13%) were sig- 
Thus slow-wave cortical activity 


nificant. 
ct subsequent eye movement 


appears to predi 
activity. 
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DiscussioN 


A triphasic heart rate response curve ap- 
peared in every condition of both experiments, 
Signal and intensity parameters significantly 
altered the relative amplitude of the components, 
but did not grossly affect their latencies. In 
both experiments, intensity effects had their 
greatest impact early in the wave form, with 
high intensity associated with less initial 
deceleration and more subsequent acceleration. 
As expected, signal characteristics acted pri- 
marily to increase the secondary deceleration 
component, although there was also more ac- 
celeration in signal conditions. 

The relationship of heart rate to RT pro- 
vides some support for the activation-accelera- 
tion theory (e.g., Duffy, 1962), as well as the 
"environmental intake" deceleration conception 
which prompted this experiment (Lacey, 1959; 
Lacey et al, 1963). In accord with activation 
theory, fast reactors yielded larger accelerative 
components than slow reactors in both experi- 
ments. On the other hand, as stimulus en- 
hancement theory would expect, faster within-S 
RT was associated with more decelerative HR 
change in Exp. I (since the data in Exp. IT 
was processed on-line, this effect could not be 
analyzed). Furthermore, in Exp. II, fast Ss 
showed both more acceleration and more sec- 
ondary deceleration than their slower peers. 
These results serve to explain Elliott's (1966) 
finding of both significant positive and signifi- 
cant negative correlations of RT with mean 
heart rate response, Direction of effect in data 
averaged over an entire foreperiod would be 
an arbitrary function of the wave-form com- 
ponent emphasized in a given trial series. 
However, the data reported by Coquery & 
Lacey (1966) are not so readily explained. 
They found association of fast RT with de- 
celeration, as in the Present research, but in- 
conclusive results for acceleration. This failure 
to find a relationship for acceleration may stem 
from the rapid rate of stimulus presentation 
used by these investigators (every 10-20 sec.), 
which may have served to maintain high base- 
line levels of heart rate and alertness, 
this masked acceleratory effects on 
trials In any event, the present findin 
the role of both components of the ; 
within and between Ss, and provide information 
on their location in the cardiac wave form. 

The triphasic shape of the heart rate curve 
does not appear to be due to a startle pattern, 
a possibility suggested by Graham and Clifton 
(1966). Detectable muscle activity (a m 


Perhaps 

specific 
gs show 
response, 


ajor 
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identifying component of the startle pattern) 
occurred in only a few trials; also the intro- 
ductory session and the repeated measures 
design would be expected to minimize the likeli- 
hood of startle responses. Nevertheless, the 
rapid tone rise time in these experiments may 
have contributed, in combination with intensity, 
to the amplitude of the acceleratory component. 
Drowsiness was considered as a potential 
Source of artifact, since large biphasic re- 
sponses are reported with sleeping Ss (John- 
son & Lubin, 1967). However, “alert” and 
"drowsy" Ss (by either verbal report of EEG 
frequency criteria) gave comparable response 
curves. The lack of drowsiness effects in the 
present study may be due to the fact that E 
entered the room between conditions (every 
10-20 min.), an interruption which Buck 
(1966) concludes is sufficient to restore a be- 
havioral criterion of alertness (either detec- 
tion rate or RT) to normal levels. d 
Although respiration data were not reporte 
here in detail, this potential source of pH 
iological artifact (Clynes, 1960) was pee ir 
Significant biphasic (inspiration-expiration 
Tespiratory curves were obtained. i As 
they did not reliably differentiate apt. 
and the correlations between heart rate an 
respiratory responses were low and incoñsigten s 
Thus, the triphasic heart rate response cur ie 
appears to be a real phenomenon of w^ 
perceptual situations and is not readily ed 
missed as unique to certain states of the ELE 
ism or as an artifact of another physiologic? 
System. E 
Slow-wave cortical response curves w 
extremely variable in shape, and the EUL 
curves were not characteristic of many o 
dividual records, A poor signal-to-noise ra 
in this channel was apparent and the use dimit 
trials per average may be near the lower ‘nade 
for meaningful data. Nevertheless, unm rh 
of CNV significantly differentiated RT ine 
nonsignal trials. Furthermore, Ss produ 


ons! ials, 
Significantly greater negativity on pj difere 
although the faster Ss could not 5» iable. 


entiated from slow reactors on m ult in 
Perhaps because of the greater pos eun 
recording this variable, there was eonim in- 
more error comparing across than WI 
dividuals. n- 

The intensity effects obtained are not c» 
sistent either with Walter’s (1967) veg m 
that "the intensity and modality of per 
ditional and imperative stimuli bear no vies nor 
to the E [expectancy] wave .. . [p. 12 1 
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with the finding by Rebert et al.. (1967) of 
larger negativity responses to faint tones in both 
Tesponse and no-response conditions. The latter 
experimental result may have been due to a 
Context effect, absent in the present study, 
Wich could override intensity determination. 
seen differences between the present study 
has aa research may stem from the fact 
here slow-wave cortical responses were as- 
Sessed over a longer time interval than is custo- 
mary, and most of the intensity difference was 
found in the latter part of these curves. Inten- 
"d effects were clearly and consistently in the 
irection of more negativity in response to the 
enel tone, and this was true regardless of the 
suk of the stimulus used in previous or 
Bec aes signal trials. This result is in 
at ord with verbal report of more altertness and 
entiveness in the high-intensity conditions. 
oe in the direction of positivity occurred 
i in the low-intensity nonsignal condition 
the oth experiments, and the time-constant of 
uu wa ig system may have been contributed 
ud actually to this effect. However, the ampli- 
ae E the positivity is somewhat larger than 
alon € clearly accounted for by this en 
Gina Boredom and drowsiness were heavi 7 
Co; entrated in the low-intensity nonsigna 
ndition, and it is reasonable to suspect that 
: Positivity observed in this condition d 
ser died to fatigue. Stimuli signaled, in he 
ins that no new stimulus would be ah e 
posits least 30 sec., a contingency directly cal 
is € to the usual paradigm in which negativity 
elicited, 
rej, Movement was found to be highly cor- 
led with slow-wave cortical responses: 


Wever, results of an analysis of the temporal 
e movement 


pat : 3 

rdi Were inconsistent with m ey in Tree 

;. Act interpretati the relationship... 
pretation of cg Tiivel 


"1 

eri recorded eye movement ee ie 

orti ated to subsequent cortical levels, one 

meng’! activity predicted subsequent eye mon. 
: Also the slow-wave cortical respons 


Curye c jas 
ü ves more powerfully differentiated iom 
Th. Mtensity effects than did eye “re Te 
Present findings are consistent W! 


inter x 1 d eye 
mo,Pletation that cortically A Pu ms x 
iably à 


Sie responses occur T€ 
ditor Process even when 
Y rather than visual. 
» heart rate response a^ 
Y both varied with expecta"? 


an = T 
Wa 'Pulations, but the direction © : 
A presence o 


iia woe i 1 : 
1 >t consistent. The jit 
Perative stimulus elicited greater negativity 


the stimulus 1$ 
d cortical nega- 
d loudness 
the effect 
an 


e y an 


and deceleration, while use of a high-intensity 
stimulus was associated with greater negativity 
and acceleration. Vaster RT performance was 
associated with cortical negativity and both 
accelerative and decelerative cardiac rate com- 
ponents. Thus, the CNV does not clearly 
emerge as the cortical terminus of Lacey's 
(1967) feedback theory; both cardiac decelera- 
tion and acceleration relate to the vertex nega- 
tive wave. If cardiac acceleration implies energy 
mobilization (Chase, Graham, & Graham, 1968), 
and deceleration a suspension of activity during 
attention (Obrist, 1968), cortical negativity ap- 
pears to reflect both processes. It also shows 
sensitivity to variables not tracked by cardiac 
rate. Thus negativity was significantly related 
to subjective report of alertness and, while not 
significant, CNVs did tend to be larger in the 
more complex than in the simple RT task. 
Overall, the experimental results are in- 
consistent with any simple, directional inter- 
pretation of the relationship between heart rate 
and slow-wave cortical responses. Presumably 
a number of relatively independent processes 
occur continuously, modulating both systems. 
Such multidimensionality is virtually inherent 
in the recording of slow-wave cortical activity 
since, as DeLucchi, Garoutte, and Aird (1962) 
demonstrated, the scalp acts as a spatial 
ical activity, transmitting all 


averager of electri 
activity common to and synchronous over large 


areas of cortex. It is reasonable to expect 
tidimensionality in heart rate response as 
variety of factors, hemodynamic 
s well as neural, operate with 
dence on heart rate (Graham & 
Clifton, 1966). The present study highlights 
the complex interactions between these physi- 
ological systems and performance and suggests 
a need to develop current conceptualizations 
in the direction of a more comprehensive psy- 


chophysiological model. 
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REPETITION AND ENCODING IN 
SHORT-TERM MEMORY" 


LAIRD S. CERMAK? 
Tufts University 


Three experiments were conducted to determine whether improvement on 
a repeated item in a short-term memory (STM) task is due to differential 


encoding or incremental strengthening. 
It was demonstrated that although a class of repetitions tended 


was used. 


The Peterson distractor technique 


to exhibit the same proactive inhibition (PI) effects as a new class of 


material, it did not al 
Therefore it was concl 


low interference from nonrepeated items to dissipate. 
uded that initial trace strength was equivalent on each 


trial of the STM task and that a repetition increased the strength of that 
item, placing it above the others at recall. 


oe tat in short-term memory (STM) 
Stadt increasingly concerned with the 
this ing mechanisms employed by Ss. To 
by wae a technique has been established 
FA ickens, Born, & Allen (1963) that 
me €s the researcher to determine experi- 
ap uy whether or not certain types of 
kx UR classifications are also employed as 

Jective encoding systems. 

Vickens and his associates (Wickens, 
Ci Wickens et al, 1963; Wickens. & 
ark, 1968; Wickens, Clark, Hill, & Witt- 
"ius 7, 1968) and Loess (1967) have demon- 
enh *d that performance at recall is greatly 
anced when the to-be-recalled material 
im rom a different class than the material 
i mediately preceding it. This has been 
eo Tte ted to mean that the stimulus has 
e differentially encoded and thus within- 
Pre, S Interference produced by the previously 

Sented material is minimized. 

cent evidence (Loess & Waugh, 1967) 
Sige that this within-class iater 
Te Pates over time. Furthermore, materi 
hop ented during this intertrial interval does 
it ig eet the rate of dissipation as long ny 
1968 material of a different class Nie w 
Pro ) Any new information that does n 

Vide further interference acts similarly to 
1 " . 
tion tis report is a revision of a doctoral disset 
e ‘wishes, w Eur ens. OË his 
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a rest interval, and the interference effects 
gradually diminish. 

The purpose of the present set of experi- 
ments was to determine whether repeated 
stimuli can also allow this within-class inter- 
ference to dissipate. The repeated stimuli 
objectively are members of the class pro- 
ducing the interference, yet subjectively may 
be differentially encoded. In order to test 
this possibility, three experiments were de- 
signed: first, to determine if the effects of 
repetition were similar to the effects of the 
introduction of a new class of material; 
second, to determine whether the effects were 
due simply to incremental trace strengthen- 
ing; and last, to determine whether repeti- 
tion acted to dissipate interference. If repe- 
tition effects were similar to the effects of 
the introduction of a new class, it could be 
concluded that subjectively a differential 
class had been established. 


ExPERIMENT I 


Method 


Subjects: 
chology stu 


—The Ss were 192 introductory psy- 
dents at Ohio State University who 
chose to participate in the experiment as partial 
fulfillment of a course requirement. The Ss were 
randomly assigned to one of the four groups in 
order of their appearance. 

Design—The Peterson and Peterson (1959) 
method was employed in which Ss were presented 
a CCC trigram and then distracted from rehearsal 
of that trigram until recall was signaled. The 
next trial then consisted of a different CCC fol- 
lowed by the same procedure. 

The stimuli consisted of consonant trigrams 
with association value of 29-33% (Witmer, 1935). 
The distractor task was counting backward by 
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threes to the beat of a metronome (1 beat/sec). 
On each trial a number informed S where to begin 
counting. Neither the consonant trigrams nor the 
three-digit numbers contained an element that ap- 
peared in the same position in any other trigram 
in the list. Also, no item was repeated within a 
trigram. An attempt was made to equate the 
number oí times a single consonant was employed. 
A counterbalancing procedure insured that each 
trigram appeared equally often at each trial posi- 
tion. 

The experiment was designed to test the effects 
of repeating an entire block of four consecutive 
stimuli later in the series. Group 1 repeated Trials 
1-4 on both Trials 5-8 and 9-12, Group 2 repeated 
Trials 5-8 during 9-12, and Group 3 repeated 
1-4 during 9-12. The control group contained no 
repetitions. Group 2 had the same stimuli as 
Group 1 on Trials 5-8, and Group 3 had the same 
stimuli as Group 1 on Trials 1-4. All groups had 
the same stimuli on Trials 9-12. 

Apparatus—The S was seated in an IAC Model 
401 sound chamber. 


lous types of material. 
the instructions had been 


the Counting task until 
onome was accomplished, 


100, 


"-Zmnsomsoc 
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Percentage of correct responses for all groups in Exp. I. 
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The door was then shut and the procedure began. 
The timing and sequence of events were initiated 
by the tape timer and followed the time intervals 
for one trial as follows: asterisk (ready signal), 
2 sec.; trigram presentation, 13 sec.; retention 
interval, 15 sec.; recall interval, 10 sec.; rest inter- 
val, 6 sec. A correct recall was scored only if 
all consonants were properly reproduced in the 
original order. Intrusions and inversions were re- 
corded as S responded. 


Results 


The results for all four groups are depicted 
in Fig. 1l. All within-group comparisons 
were analyzed by a chi square for correlated 
Proportions (Ferguson, 1966). A chi- 
Square technique for independent proportions 
(Ferguson, 1966) was used for the between- 
group analysis, 

The critical trials were Trial 5 for Group 
1 (Trials 14 repeated twice) and Trial 9 
for both Group 2 (5-8 repeated) and Group 
3 (1-4 repeated on 9-12). On Trial 5 
Group 1 (77% correct) differed significantly 
from the control (33%), x? (1) = 15.28, P 
< 001. For Trial 9 performance, Group 
was significantly above the control (67 7 
vs. 42%), y* (1) = 508, p « 05, as Wa 
Group 3 (71%), x (1) 2715, P € 1. 
All points on the figure after the partic 
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critical trial for Groups 1 and 2 were sig- 
nificantly above the control, at least at the 
P < 01 level, except Trial 7 for Group 1 
and Trial 12 for Group 2. No trials for 
Group 3 were significantly better than the 
Control other than the first repetition, the 
Critical trial. 
EXPERIMENT IT 


Experiment I indicated that performance 
Was enhanced by repetition. Evidence that 
Proactive inhibition (PI) was produced 
Within this block of repeated items was in- 
dicated by the trend within each of the re- 
Peated blocks. The fact that the final item 
In one repeated block was recalled could be 
due to its being protected from possible 
retroactive inhibition (RI) produced by the 
design, If this RI is held constant, then it 
Would be possible to determine whether per- 
formance on a repeated item is due to 
incremental trace strengthening or differ- 
ential encoding, If items from different 
Portions of the list are repeated a constant 
number of trials later, then the same PI 
Curve should be regenerated at a somewhat 
gher level, However, if the effects are due 
to differential encoding, performance on à 
Tépeated item should be maximal regardless 
I Initial presentation position. Experiment 

Was designed to determine which of these 
WO alternatives was correct. 


Methog 


chogbiects—The Ss were 100 i 
°8y students at Ohio State 


introductory psy- 
University who 


br to participate in the experimen e B 
i he 
Iment of a course requirement. wf 


the oe, assigned to one of the four group. 
Tder of their appearance. . 
the tSign.—The pe imd was designed suci a 
to-be-repeated item occurred initially fei re 
Sent TSt, second, or third trial. It = ae 
ten..tWice again at four-trial intervals. E 
1, ,Peated the stimulus, originally Towa E ated 
the Sh on Trial 5 and Trial 9. Group 2 DTP re- 
Deat, rial 2 stimulus on 6 and 10. d UP tata 
Congr the Trial 3 stimulus on 7 an ur ca 
trial group contained no xepetitónm s s 
SCiveg except the repetition trials all £ 
bh the same stimuli. T 
Droga atus and procedure — 
I, ce ure e s 
of With 


he apparatus and 


socia 
rocedure for data 


son m mon zen. 
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Fic. 2. Percentage of correct responses 
Groups 1 (top), 2 (center), and 3 (bottom) vs. 


the control group in Exp. Als 


Results 

The results are shown in Fig. 2 ( top, Trial 
1 repeated on 5 and 9; center, Trial 2 re- 
peated on 6 and 10; and bottom, Trial 3 re- 
peated on 7 and 11). All trials on which 
a repeated item occurred were significantly 
above the control, at least at above the p < 
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.05 level. The percentage correct for the 
experimental groups varied from 71% to 
93%, while the control varied between 25% 
and 43%. There were no significant differ- 
ences among the experimental groups in re- 
call of the repeated items. 


EXPERIMENT III 


Experiment II demonstrated that perform- 
ance in recall of a repeated item is maximal 
regardless of initial performance level. This 


è $ Ei Ei 
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appeared to indicate that the effects of repe- 
tition were similar to those produced by the 
introduction of a new class of material and 
were not what would be predicted by incre- 
mental trace strengthening. However, since 
a class of material acts to dissipate inter- 
ference generated by a previously introduced 
Class of material, Exp. III was designed to 
determine whether repetition would also act 
in this fashion. 


Method 


Subjects.—The Ss were 450 introductory psY- 
chology students at Ohio State University who 
chose to participate in the experiment as partial 
fulfillment of a course requirement. The Ss were 
randomly assigned to one of nine groups in order 
of their appearance. 

Design.—Three experimental groups were em- 
ployed in which the CCC occurring on Trial 1 was 
repeated either once, twice, or three times Suc 
cessively. These repetitions occurred following 
the fourth trial, as in Exp. II, and were followe 
in turn by a novel CCC. This procedure resulte 
in either 35, 70, or 105 sec. between presentations 
of nonrepeated information. To determine if the 
repeated item would act as a new class 
three groups were designed in which either on 
two, or three successive NNNs separated the m 
nonrepeated CCCs. The control group had one 
two, or three nonrepeated CCCs between the crit! 
cal test items. This resulted in nine groups 9 
S's each. s 

The distractor task employed in Exp. III "m 
a color-naming procedure, Due to the presence " 
the to-be-recalled NNNs in three of the iron 
a counting task could not be used. Four sli i 
containing three rows oí three colors each bo 
Projected on the Screen, and S was instructed a 
call out the colors on the screen as quickly ec. 
Possible, Each slide was presented for 3.75 ‘the 
apiece; thus the retention interval remained 
same as in Exp. I and TL. nd 

Apparatus and procedure—The apparatus ^ 
procedure were essentially the same as in pts 
and II, with the exception of the inclusion z as 
color slides. The metronome was eliminate than 
the color-naming task was self-paced naer jaia 
timed. The instructions were altered to CXP the 
that either letters or numbers could appeal “ming 
to-be-recalled information, and the caloria yard. 
instructions replaced those of counting bac ever 
Before data collection was initiated, 95 them 
given three practice color slides to familiarize an. 
with the task before the actual experiment eds 

Two types of repeated items were emp zi as 
one-half of the Ss received either XTN OT ther 
the repeated item, and one-half received ©"; 
RHJ or wrQ. This was done to determine gil 
acoustic interference was operative in this des of 
XTN and sgm both contain one item from eac? 
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pitas (1964) three classes. RHJ and WLQ Con- 
1 items that are part of none ot these classes. 
n Sas hypothesized that if XTN and SBM resulted 
Ruy Breater maintenance of interference than did 
his e WLQ, then the interference was acoustic. 

the Acoustic interference would be maintained by 
even resentation of acoustically interfering items, 
if it were the same item on each trial. If 


bot 
int types of items maintained interference, then 
If neither mam- 


taj n 
ne peated item forms a 


en : aa 

neigrence is class-specific. 

Ww interference, then a re 
encoding class. 


Results 


Figure 3 shows the results obtained for 


t 
E dis, 70-, and 105-sec. intervals from top 


to r 
bottom, respectively. This interval refers 


the amount of time the intervening activity 
of the last 


hey between the presentation | 
In q formation and the critical test Jie 
Sar all three graphs, performance 15 signifi- 

ae lower on Trial 4 than Trial 1 at the 
of 00! level, Also, in all graphs the dia 
Sre le intervening activity WaS significantly 
lea êr than that for the control group, at 
at the p < .02 level for all trials of 


thi 
Ais activity, 


e of correct responses after varying numbers of interven 


eececRepetitions 
--Numbers 
«Control 


2 
INTERVENING ITEMS 
ing items. 


Figure 4 is the critical graph for Exp. III 
since it is a representation of performance 
on the first item presented following the 
intervening activity. The 1, 2, and 3 on this 
graph indicate the number of items inter- 
vening between the last new item (on Trial 
4) and this, the critical, item (Trials 6, 7, 
or 8). There were no significant differences 
among groups after one intervening item. 
‘After two presentations, the number group’s 
performance on the CCC following the two 
number presentations was significantly better 
than that of the control (62% vs. 38%), x? 
(1) 2484 p < 01. It was not, however, 
significantly better than that of the repeti- 
tion group (62% vs. 46%). The repetition 

oup was not significantly above the con- 
trol either. After three intervening items, the 
number group was significantly above the 
control (76% vs. 40%), x? (1) = 11.86, p 
< 001, and the repetition group (76% vs. 
44%), xt (1) = 9.38, p < 01. Again the 
repetition group was not significantly above 


the control. 
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The division of the effects on the critical 
item after repetition on either the acoustically 
interfering items or the nonacoustically in- 
terfering items showed no significant differ- 
ences. This was consistent regardless of 
the number of intervening items. 


Discussion 


The effect of repeating an item in an STM 
task is to facilitate recall of that repeated item. 
This facilitated recall is maximal regardless of 
initial recall performance. Therefore it would 
appear at first glance that a new class has been 
formed. However, this class does not allow 
dissipation of the class interference preceding 
it, which supports the notion that it is not a 
new class at all. 

In order to explain this apparent contradic- 
tion, a reinterpretation of initial trace strength 
is needed. Recall performance is undoubtedly 
a poor indicant of an item’s trace strength. 
Performance at recall is best interpreted as a 
function of the number of equally strong traces 
present. A repetition, added to any of these 
already equivalent traces, causes performance at 
recall to be enhanced equally regardless of 
initial item position, 

The results of Exp. I 
the PI effects of a ney 
interpreted as several 
interfering at recall. These traces are stronger 
than those of items presented only once, and 
thus the curves have been elevated. When only 
one item is repeated, as in Exp. II and III, the 
performance on that item is maximal, since it 
is the strongest item regardless of initial per- 
formance. 

In conclusion, it can be stated that repetition 
acts to facilitate recall by adding to an 
existent trace. The S need only have 


» Which approximate 
' class, can also be 
equally strong traces 


already 
encoded 
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the original stimulus to the extent that he can 
recognize that it has already been presented. 
Upon being repeated, the item gains enough 
incrementally to allow its strength to be 


above the other items' strength, and recall is 
maximal. 
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In Exp. I Ss solved a discrimination 
and either four, six, or eight colors. 
were redundant and relevant to reinfor! 


of either shape or color. 
likely Ss were to attain sol 
solved the task on the basis o 
solution relatively quickly. 
manipulated prior to the start of t 


of sample cards. 
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learning task involving four shapes 
During training the two dimensions 


cement, enabling solution on the basis 
The greater the number of colors involved, the less 
lution on the basis of color. Furthermore, 5s who 
f the less variable (shape) dimension attained 
In Exp. II intradimensional variability was 
he learning task by including four shapes 


The Ss receiving this 


and eight colors among a series e 
levant test task relatively slowly when 


manipulation solved the color-re! 


monstrating se 


lective attention to the less variable 


compared to control Ss, dei atten 
inforced) sample stimuli. 


dimension among the (nonrei 


su factors have been shown to influ- 
imer eee attention to particular stimulus 

er m. in a discrimination learning task. 
contin; Orcement in a previous task has been 
ime; Sent on the levels of a given stimulus 
M d eg. Ss pay particular attention 
(Biss dimension in subsequent responding 
waige, 1956; Eimas, 1966). Other factors 
ime induce selective attending to à stimulus 
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reported by Battig and Bourne (1961). 
The demonstration by Battig and Bourne 
that Ss solve a concept identification task 
most rapidly when the number of levels per 
stimulus dimension is relatively small sug- 
gested two further hypotheses concerning the 
effects of intradimensional variability, appli- 
cable when the manipulation involves a pair 
of stimulus dimensions within the same task. 
First, when the solution to a task can be 
based on either of two redundant relevant 
stimulus dimensions, one of which involves 
fewer levels than the other, solutions based 
on the less variable dimension should be more 
rapid than those based on the more variable 
dimension. Second, solution of a discrimina- 
tion learning task involving a pair of redun- 
dant relevant stimulus dimensions should 
tend to be based on the less variable of the 


two dimensions. 
ExPERIMENT I 
Method 


Subjects.—The Ss were 81 female students en- 
rolled in elementary psychology at Kent State 
University, who participated in partial fulfillment 
of a course requirement. With the deletion of 9 
Ss from the study for reasons described later, the 
final sample included 24 Ss in each of three ex- 
perimental conditions. 

Apparatus.—Stimuli were presented through a 
31x 5 in. opening in a large screen separating S 
from E. The response manipulanda were two 
push-button switches, one labeled plus (+) and 


e 
' Brunswick, Maine 04011. 307 
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the other minus (-), which were placed side by 
side in front of S. A white reinforcement light 
was situated above each of the response buttons. 

The experimental stimuli, which varied along 

*he dimensions of shape and color, were cut from 
colored construction paper and mounted on white, 
32 X5 in. file cards. The shapes included a l-in. 
square; a $X1 in. rectangle ; a symmetrical 
trapezoid with lower base li in, upper base 1 in, 
and altitude 1 in.; a rhomboid (parallelogram) of 
base 1i in., altitude 1 in., and acute angle 72°; a 
vertical rectangle of base 1 in. and height 1i in.; 
and a vertical trapezoid with a j-in. horizontal 
base, li-in. vertical left side, and l-in. vertical 
right side. The colors were numbers 801, 803, 805, 
810, 811, 812, 818, 830, 855, and 857 of Hytone Art 
Paper Assortment No. 229. These colors were 
red, orange, yellow, light blue, violet, flesh, brown, 
green, gray, and black, respectively. 

Experimental design and training procedure — 
Intradimensional variability was manipulated in 
Exp. I by including either 4, 6, or 8 different 
levels of color in the discrimination learning task. 
To construct the stimuli for the 4-color condition, 
2 positive and 2 negative colors were randomly 
selected from the 10 available colors. For the 6- 
color condition, 1 color was added to the positive 
set and 1 to the negative set, For the 8-color 
condition, a second color was added to the positive 
and the negative sets. The entire randomization 
Process was performed twice to provide two dis- 
tinct sets of stimuli for each condition. Since it 
Was not necessary for the levels of shape to vary 
across experimental condition, one pair of shapes 
(square and parallelogram) was Positive for all 
Ss, while a second pair (rectangle and trapezoid) 
Was negative for all Ss. In constructing the stim- 
uli, a shape which had been designated positive 
was always paired with a color which had been 
designated positive, and vice versa (ie. the di- 
mensions of color and shape were redundant), 
Thus the 4-color condition involved four positive 
stimuli (the combinations of two positive shapes 
with two positive colors) and four negative stimuli, 
Che 6-color condition involved six positive stimuli 
(the combinations of two positive shapes with three 
positive colors) and six negative stimuli, while the 
8-color condition involved eight positive and eight 
negative stimuli. Four separate orders of presen- 
tation were randomly determined for each set of 
stimuli, with the restriction that the first two stim- 
uli of one order be different from the last two 
stimuli of the preceding order. Stimulus presen- 
tation began with one of the four random orders 
and proceeded successively through all four orders 
before returning to the starting point, 

With two control factors (the specific colors 
used and the order of stimulus presentation), the 
design of Exp. I was a 3X2 X4 factorial. The 
Ss were assigned randomly to 1 of the 24 condi- 
tions, with the restriction that all cells were filled 
before any was repeated. Upon presentation of 


each stimulus, S pressed either the positive or the 
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negative response button. If the correct button 
was pressed, the reinforcement light above that 
button lighted immediately, remaining lighted un- 
til the button was released. Approximately 1 sec. 
after the initiation of S's response, the stimulus 
card was removed from view; approximately 4 
sec. thereafter a new stimulus card was presented. 
The training stimuli were presented successively 
to S until she reached a criterion of 10 consect- 
tive correct responses. 

Test procedure.—Upon reaching criterion, S was 
told that no further feedback would be given for 
her responses, but that she was to continue m 
sponding on the same basis. Eight test ste 
were then presented, each combining a color whic 
had been positive during training with a shane 
which had been negative, or vice versa, so a3 t 
assess which of the two dimensions was dominan 
in determining Ss’ responses. The shapes bina 
colors of the 4-color condition were used in cana 
structing the test stimuli, since these levels bos 
common to the 4-, 6-, and 8-color conditions dir 
ing training. If six or more of an S's eight te 3 
responses were color-determined, S was de 
nated a "color responder"; if six or more of ig- 
test responses were shape-determined, S was de " 
nated a "shape responder.” Three Ss from Da 
4-color condition and one S from the 6-color ance 
dition were deleted because their test performan 
included an equal number of color-determine 
shape-determined responses. T 

The test stimuli were preceded by two pm 
stimuli, and interspersed with two additional E eir 
ing stimuli, to reveal any Ss who altered th 
system of responding when reinforcement wan ion 
continued. One S, from the 4-color con error 
was deleted because she made more than one € 
on these control stimuli. pre 

Upon completion of the test task, S wes Se 
sented serially with the colors used in posu 
perimental condition. Two Ss from the 4 
condition, one from the 6-color condition, ani 
from the 8-color condition were discarded i2 
ing to give an appropriate label to each color. 


fail- 


Results 


e 
The number of color responders VS- a 
responders for each level of intradimens! re- 
variability is shown in Table 1. TE 
sults are collapsed across the two ecte 
factors, since neither of those factors à heses 
the results. Consistent with the hypot de- 
of the experiment, Table 1 shows that 4 i 
creasing number of Ss responded olors 
basis of color as a larger number of € chi- 
was included in the stimulus set. a 
Square test indicated that this e the 
tion between the number of levels O olof 
color dimension and solutions based on C 
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was statistically significant, x? (2) = 16.22, 
5 « 01. 

The mean number of trials required to 
solve the training task, as a joint function 
of experimental condition and the dimension 
used by S in attaining solution, is also 
shown in Table 1. Since the 8-color condi- 
tion included only one color responder, the 
analysis of variance on these learning rates 
Was confined to a 2 x 2 analysis: experi- 
mental condition (4-color vs. 6-color) vs. 
type of solution (color responders vs. shape 
responders), With the least-squares method 
used in estimating sums of squares (Winer, 
1962), the analysis indicates that combined 
across experimental condition, Ss who solved 
the task on the basis of shape attained solu- 
tion relatively rapidly, F (1, 44) = 4.38, p 
X 05. More importantly, the interaction be- 
tween the factors of experimental condition 
and solution type was also significant, F (1, 

) 279, p< 05. The latter result re- 
flects the fact that solution was attained 
More rapidly by shape responders than by 
Color responders within the 6-color condition, 
but not within the 4-color (control) condi- 
pe This result supports the hypothesis 

"at Ss solving a task on the basis of the 
55$ variable of two stimulus dimensions 
attain sloution relatively quickly. 


Expermment IL 
nd to solve a dis- 


The finding that Ss te ( 
on the basis of the 


crimination learning task : 
ed variable of two redundant, relevant stm- 
Uus dimensions suggests the possibility that 
di Pay selective attention to the less variable 
Mension. A tendency to pay attention to 
he less variable dimension may, €^ exist 
nse Ss have learned (preexperimentally ) 
e the dimension involving fewer levels e 
€ tested relatively quickly. Experiment 
loes not provide an appropriate test of the 
Selective attention hypothesis, however, since 
Ae results can also be attributed to the fact 


that levels of the less variable dimension were 
ly during acqui- 


ton, thereby providing à disproportionately 


ria number of reinforced 
Shean of that dimension. 
du Scally the possibility t 

attention to the less 


hat Ss pay selec- 
variable of two 
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TABLE 1 


NuMBER OF COLOR RESPONDERS vs. SHAPE RE- 
SPONDERS ON TASK 1, AND MEAN NUMBER 
or TRIALS TO LAST ERROR DURING 
ACQUISITION 


Colors in stimulus set 


Item 
4 6 8 
Color responders 
N 14 8 1 
X 20.43 31.25 103.00 
Shape responders 
N 10 16 23 
X 22.30 11.81 19.56 


stimulus dimensions, the disproportionate 
number of reinforced S-R pairings for the 
less variable dimension was eliminated in 
Exp. II. This was accomplished by manipu- 
lating intradimensional variability (four 
shapes, four colors vs. four shapes, eight 
colors) in a set of sample cards which S 
merely looked at for a period of 3 sec. each. 
The subsequent test task, with color as the 
relevant dimension, involved two shapes 
and two colors which had not been used 
among the sample cards. It was predicted 
that solution of the color-relevant test task 
would be retarded when the sample cards 
included eight colors and four shapes, thereby 
demonstrating selective attention to the di- 


mension which was less variable among the 


sample cards. 


Method 

Subjects—The Ss for Exp. II were 49 female 
students enrolled in elementary psychology at West- 
brook Junior College, Portland, Maine, who were 
paid $.75 each for their participation. With the 
deletion of 1 S from the study for reasons de- 
scribed subsequently, the final sample included 24 
Ss in both the control and the experimental groups. 

Apparatus —Experiment II involved the presen- 
tation of a series of sample stimuli. These stimuli 
were geometric figures cut from colored construc- 
tion paper, varying along the dimensions of shape 
and color. The 4 shapes used in the sample stimuli 
were an isosceles triangle with base 1 in. and 
height ł in.; a symmetrical trapezoid with upper 
base ł in, lower base 1i in, and height # in.; a 
3-in. rhombus with acute angle of 72°; and a 4-in. 
equilateral hexagon. The colors for the sample 
stimuli were chosen from the 10 colors used in 


Exp. I. . 
The test stimuli 
patterns varying al 


for Exp. II were geometric 
ong the bileveled dimensions of 
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color. The shapes for the test stimuli 
skene EU square, and a quadralateral with a 
ł-in. vertical left side, a ł-in. horizontal upper 
base, and a l-in. horizontal lower base. The co! 2: 
were selected so that no color used among D 
sample stimuli was included among her test stimuli. 
With the exception of the stimulus cards, the 
apparatus for Exp. II was identical to that used 
in Exp. I. 
kg ol design and training procedure.— 
Following introductory instructions, S solved a 
practice problem to ensure that she understood 
the experimental procedure. The stimuli for the 
practice problem were 33 X 5 in. file cards con- 
taining either one or two black dots, 4 in. from 
either the upper or the lower edge of the card. 
For all Ss the position of the dots was relevant 
to reinforcement, while the number of dots was 
irrelevant. The procedure for administering the 
practice problem was the same as that used in the 
discrimination learning task of Exp. I. One S, 
who failed to reach criterion on the practice prob- 
lem in 56 trials, was deleted from the study. 
After S attained criterion, she was shown a set 
of eight sample cards which were presented suc- 
cessively for 3-sec. durations. To form the sample 
stimuli for the experimental condition, each of 
eight colors was combined with one of four shapes 
(each shape being used twice) to produce a set of 
eight cards, To form the sample stimuli for the 
ition, half of the original eight colors 
, each of the remaining colors being 
second shape 
eight cards. Thus the sample cards used for the 
two conditions were comparable except that the 


» while the control set included four colors 


Syncratic effects of 


the sample stimuli, the process described pr. 
Was repeated to form a second Set of samp 
for both the experi 


The design of the 
bileveled experimental factor and one bileveled 


gned randomly to 
one of the four resulting conditions, with the re- 


used before any 


The following instructions were read to S prior 
to presentation of the sample stimuli: 


All right; the next task will be similar, but it 


will involve a new set of cards. Before we 
begin this task, I am going to show you some 
of the cards so you will know what they are 


like. Do not press the buttons when we first 
begin—just look at the cards carefully. Then, 
when I do tell you to begin pressing the buttons, 


try to solve the task as quickly as you can, 
O.K.? 


Test procedure.—After presenting the eight 
sample stimuli, E informed S that she was to 
begin responding, and immediately administered 
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the test task with the same procedure as was used 
for the learning task of Exp. I. The stimuli for 
the test task involved the combinations of two 
colors with two shapes, color being relevant i 
reinforcement and shape irrelevant. After 
reached a criterion of 10 consecutive correct be 
sponses on the test task, she was administere Y) 
color identification task which involved the 
colors used in the experiment. All Ss gave ihe 
appropriate and distinctive response to each of 
colors. 


Results 


While the major purpose of the practice 
task was to familiarize Ss with the procedure 
of the experiment, the results of the practic 
task were also used to compare the learo 
ability of the experimental and the contro 
groups prior to the introduction of the id 
perimental manipulation. Contrary to hen 
pectation, the mean number of trials to a 
error on the practice problem was M 
(6.12 vs, 11.37) for Ss in the experimer di- 
condition than for Ss in the control ‘riled 
tion, £ (46) = 248, 01 < p < .05, two-ta ing 
test, However, since the superior tum 
ability among Ss in the experimental a 
would, if anything, counteract the anticip? the 
effects of the experimental manipulation, 
test results were analyzed as planned. - 

On the test task of Exp. IL a total p ile 
Ss, all in the experimental condition, ET 
to begin a criterion run by Trial 24. ores 
make the variance of the two sets ar sits o 
more nearly homogeneous, the test A aum 
these three Ss were scored for a E e 
of 24 trials. Even with this restriction, the 
mean number of trials to last error on ata 
test task was 9.54 for Ss in the iura jai 
group, and 6.54 for Ss in the control gv the 
£46) = 169, p < 05. Similarly, when tho 
test data were analyzed in terms O 
mean number of informed errors EUN ex- 
cluding errors occurring on Trial of 5.12 
perimental 5s committed an average mitte 
informed errors, while control Ss Co 46) = 
an average of 3.46 informed errors, £ of the 
1.70, p < .05. The relative difficulty evät 
experimental Ss in solving the mora ir at- 
test task apparently resulted from t "s the 
tending selectively to shape, which w mple 
less variable dimension among their sa! 
stimuli. 


ex- 


SELECTIVE ATTENTION AND STIMULUS VARIABILITY 331 


GENERAL Discussion 


_In addition to demonstrating selective atten- 
tion to the less variable of two stimulus di- 
mensions, the results of Exp. II are relevant 
to the theoretical distinction between associa- 
tional vs. hypothesis-testing models of dis- 
crimination learning (see Bourne, 1968). Ac- 
cording to associational theories, discrimina- 
tion learning proceeds on the basis of an S-R 
reinforcement process; selective attention is 
typically incorporated into such theories on the 
assumption that Ss become more likely to re- 
Spond to a stimulus dimension as the levels of 
that dimension develop differential S-R bonds. 
In Exp. II, however, Ss attended to the less 
Variable dimension as a result of viewing the 
(nonreinforced) sample stimuli. Consequently, 
Selective attention to the less variable dimension 
cannot, in Exp. II, be attributed to an increase 
'n the strength of the S-R bonds for the levels 
er that dimension. Alternately, an hypothesis- 
testing model of the type described by Trabasso 
and Bower (1968) is more compatible with the 
findings of Exp. II. According to an hy- 
Pothesis-testing model, S actively selects hy- 
Potheses to be tested in a discrimination learn- 
ing situation. Prior knowledge regarding 
wetradimensional variability might be expected 
9 induce selective attending to the less variable 
raension, according to such models, since 
latively few hypotheses must be tested as 
a Stimulus dimension involves fewer levels. 
k hus the findings of Exp. II appear to be ape 
sistent with an hypothesis-testing model o 
so Srimination learning than with current as- 
9ciationa] models. 
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SENTENCE PROCESSING ASSESSED ren a 
INTRASENTENCE WORD ASSOCIATIONS 


ROBERT W. WEISBERG ° 


Temple University 


Two experiments were conducted to s 


sentence word association. 


In Exp. II, 


sentences with very different surface structures but the same underlying 


Recent research indicates that the first 
step in the comprehension of a sentence by 
a native speaker of English consists of the 
speaker’s determination of the surface struc- 
ture of the sentence, Johnson (1966) found 
that errors occurring when Ss attempted to 
learn sentences indicated that Ss learned the 
Sentences not as wholes but as groups of 
words, which were then put together to form 
the entire sentence, These groups of words 
corresponded to the smallest constituents in 
the surface Structure, Garrett, Bever, and 
Fodor (1966), using a Psychophysical tech- 
nique, also found that Ss broke sentences into 
units that seemed to correspond closely to 
the major constituents in the surface struc- 
ture. Similar results have also been found 


1 This study is based partially on a PhD thesis 
submitted to the Department of Psychology of 
Princeton University, Experiment II was sup- 
ported in part by United States Public Health 
Service Grants MH-10742-03 and HD-01910-02 to 
Princeton University (S. Glucksberg, principal 
investigator). Parts of this paper were presented 
at the meeting of the Eastern Psychological Asso- 
ciation, Boston, April 1967. The author is indebted 
to S. Glucksberg for his aid and advice. Thanks 
are also due to Jerry M. Suls, who conducted Exp. 
L, which was supported in part by Temple Uni- 
versity Research Grant 400-97-68 (R. Weisberg, 
principal investigator), 

? Requests for reprints should be sent to Robert 
W. Weisberg, Department of Psychology, Temple 
University, Philadelphia, Pennsylvania 19122 


intrasentence word associations. 


by Ammon and his associates (Ammon 
1968; Suci, Ammon, & Gamlin, 1967). ing 
However, other workers, when ae o 
long-term storage and ———— e 
Sentences, have found that sentences tures 
to be stored in terms of their deep We 
rather than surface structures. Sachs a 
found that changes in the surface pae 
of a sentence were not noticed by Ss „tence 
they tried to recall whether a gives S" Sac hs 
was one which they had heard earlier. were 
felt that these surface structure changes nces 
not noticed because Ss stored the sen ea 
on the basis of deep structure and so 1967) 
the surface structure. Blumenthal e evi- 
and Rohrman (1968) have also Jn basis 
dence that sentences are stored on th 
of their deep structures. n be 
One tentative conclusion that. p a 
drawn from these various studies “i deter- 
speaker, on hearing a sentence, firs ntencê. 
mines the surface structure of the e deep 
From this the speaker constructs basis fot 
Structure, which then serves as the 


o 
i ; torage 
the interpretation and subsequent : 2 res 


the sentence. The present paper 1 ated the 
of two experiments that mca 
Psychological organization of 


as" 
i ord 
through the use of intrasentence bie pr 
sociations. This organization sag Mus gus 
pared with the deep structures O 
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TABLE 1 
SENTENCES UsEp IN Exp. I 
Sentence 
ps Sami Predicted intrasentence 
word associations 
1 5|; . 5 
Places with new planes flying can be dangerous. FLYING — planes 
DANGEROUS — places 
2 B P E 
Even with new planes, flying can be dangerous. FLYING — dangerous 
DANGEROUS — flying 
3 ^ A : A 
The man sent to train George drove furiously to the station. TRAIN — George 
a S Es GEORGE — irain 
DROVE — station 
4 rer ; i 
In order to catch his train, George drove furiously to the station. TRAIN — catch 
s eoe GEORGE — drove 
DROVE — George 
5 5 " 
Your hope of marrying Anna was surely impractical. MARRYING — Anna 
ANNA — marrying 
IMPRACTICAL — hope 
6 : i i 
In her hope of marrying, Anna was surely impractical. MARRYING — hope 
—— e ANNA — impractical 
IMPRACTICAL — Anna 


ae as postulated by transformational 
expe marians (Chomsky, 1965). In both 
Pe iieri. Ss were presented with a novel 
Writes d that they were asked to learn by 
men ng the sentence a number of times from 
hen ae Words from the sentence were 
ion Fen ia individually as word associa- 
With Stimuli, and Ss were asked to respond 
ence One of the other words from the sen- 
expe » Whichever word came to mind. Bojh 
morae were concerned with the genera 
oë r the most frequent response 
Would | stimulus word in word association 
it in E be the word most closely related to 
he deep structure of the sentence. 


EXPERIMENT Í 


i Ex sentences used in Exp. I are P 
fis le 1. These sentences Wer : 
(loge, a from those used by Garrett et al. 
Of th, ). Each pair of sentences 15 made up 
€ same string of words, except for the 
emp. ne or two words. However, the ten 
ee ers of each pair have very differen 
D structures, These deep structures can 


fo CPresented as sets of propositions as 
lows ; 


resented 
e three 


Se 

ni 

Ti l. Places are dangerous. Planes are 
- Planes are flying. 


ent "n 
ence 2, Planes are new. Flying !5 dangerous. 


Sentence 3. The man was sent. The man drove 
to the station. The man trained George. 

Sentence 4. George caught his train. 
drove to the station. 


Sentence 5. You hoped. 
You were impractical. 
Sentence 6. Anna hoped. Anna ma 

was impractical. 


George 


You married Anna. 


rried. Anna 


These propositions are combined by means 
of transformational rules in order to obtain 
the actual sentences in Table 1. On the 
basis of these deep structures, it would be 
predicted that the patterns of intrasentence 
word associations would differ for the mem- 
bers of each pair of sentences. The predicted 
associations are also presented in Table 1. 


Method 


Subjects.— 
graduates, divi 
of 18, served as Ss. 


Thirty-five Temple University under- 
ded into a group of 17 and a group 
All Ss were native speakers 
of English and were experimentally naive. All Ss 
were unpaid volunteers. Approximately the same 
number of males and females were included in 
each group. 

Procedure.—Sentences 1, 3, and 5 were presented 
to one group, and the other sentences were pre- 
sented to the second group. Each S was tested 
individually. The Ss were scheduled at their con- 
venience and were randomly assigned to groups 
according to their order of appearance at the lab- 
oratory. The S was instructed that he was to 
learn “some sentences.” The sentences were 
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The S read the sentence 
E and then returned the 


learned one at a time. 
from a card provided by 
card to E. The S then wrote the sentence from 
memory. The E indicated to S whether the written 
response was a correct reproduction of the sen- 
tence. The S was then given the card again, asked 
to read the sentence aloud, etc. This procedure 
Was continued until S wrote the sentence correctly 
from memory five consecutive times. 

After S had learned the first sentence to cri- 
terion, he was given the word association test for 
that sentence. Not all 
tence were used 
association. 


Words, the first one of 
In two pairs of sentences the identical 


(including the underlining) 
i The 


order 


generally as Predicted. For all eight of 
Stimuli, the most 
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underlined word most closely related to the 
stimulus word in the deep structure of the 
sentence. Only the responses to MARRYING 
in Sentences 5 and 6 are not significantly 
different. 

One further point of interest concerns the 
relationship between actual physical separa- 
tion of stimulus and predicted response and 
the frequency of response obtained. On the 
basis of research in verbal learning, it would 
be predicted that as the physical distance 
(the number of intervening words) increases 
between stimulus and response, the associ 
ative connection should become weaker. 
This would result in a decreased frequency 
of association between the more distant 
words in the sentences. On the basis of 
the deep structures of the sentences, no such 
Prediction would be made since physica 
distance is of little importance in deter" 
mining sentence Structure. In order to loos 
at the relationship between physical d 
tance and frequency of association, the dis 
fance between each stimulus and its prede. 
Tesponse was determined by counting bee 
number of intervening words. A rank-orde 
Correlation was then computed betwee 
these distances in the respective frequenc!e 
of response. This correlation was +: " 
Which indicates that the physically degere, 
Sponses were not necessarily the most 1T 
quent. fof 
These results provide some support 
the hypothesis that the deep structure e 
Sentence determines the organization oot 
to that sentence, at least to the extent t^ 
Sentence organization or structure can ja- 
assessed through intrasentence word 2550€ en 
tion. Identica] groups of words, when pe 
different deep structures through approp ihs 
context, gave significantly different patte 
of associations, and these associations zd 
responded to predictions made on the b? 
of the deep Structures of the sentences. 


ExrrEnrMENT II 
ple 


The results of Exp. I, while in prem 
Supporting the deep structure hypot of at 
are somewhat ambiguous. In the case wor 
least some and perhaps all of the uld 
association stimuli, the same response roe’ 
be predicted on the basis of the surface st 


a 
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TABLE 2 
INTRASENTENCE WORD ASSOCIATIONS OBTAINED IN Exp. I 


Responses to FLYING 


10 2 
Sentence 1. Places with new planes flying can be dangerous. p «.05 
11 


Sentence 2. Even with new planes, flying can be dangerous. 


Respo Nses to DANGEROUS 
8 


0 
Sentence i. Places with new planes flying can be dangerous. 


2 9 E 
Even with new planes, flying can be dangerous. b = .005> 


Sentence 2; 


Responses to TRAIN 


7 ; 
Sentence 3. The man sent to train George drove . . . to the station. 
9 2 :; 
Sentence 4. In order to catch his train, George drove . . . to the station. p = .025> 
Responses to GEORGE 7 
5 " m 
Sentence 3, The man sent to train George drove . . . to the station. p «.025* 
m 16 . 
Sentence 4, In order to catch his train, George drove . . . to the station. 
Responses to DROVE " íi 
2 : » " 
Sentence 3. The man sent to train George drove . . . to the station. p.025 
S a m — 6 
Sentence 4, In order to catch his train, George drove . . . to the station. 
Responses to MARRYING 13 
3 ; z 058 
Sentence 5. Your hope of marrying Anna was surely impractical. p> 
6 8 z ; 
Sentence 6. In her hope of marrying, Anna was surely impractical. 
R 
“SPonses to ANNA 2 
12 impractical p «.01* 
Sentence 5. Your hope of marrying Anna was surely impractical. 
` ll e 11 
5 " à 
; , ractical. 
Sentence 6. In her hope of marrying, Anna was surely impractical 
Respo; s 
ISES to IMPRACTICAL 
b 01b 


12 E 
ying Anna was S 
Your hope of marrying 


B impractical 
Sentence & Tir fer EA of marrying, Anna was surely impractical. 


Sentence & urely impractical. 


and 5) or out of 17 (Sentences 2, 4, and 6) who gave the in 


1,3, 
ica Note.—Entries are the number of Ss out of 18 (Sentences b 
ted response upon presentation of the particular stim 
b RY Chi square with 1 df and Yates’ correction. 
Y Fisher exact. probability test. 


groups. This should make it possible to 


ture Of the sentences. Experiment II was 
onducted in order to eliminate this am- 
Suity in the results of Exp. I. In re 
th, S'Oups of sentences were used in |u h 
Su deep structure was held constant, whi 
"face Structure was allowed to vary across 


specify more precisely which aspect of sen- 
tence structure was primary in determining 


sentence organization. 
The stimuli used in Exp. II are shown in 


Table 3. The surface structures are different 
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TABLE 3 
SENTENCES UsED IN Exp. II 


Group Sentences 
A SLOW CHILDREN EAT COLD BREAD. a 
KNOWN AUTHORS PREPARE CORRECT LETTERS, 
HONEST KINGS UNITE LOYAL DISTRICTS. 
Par | SLOW CHILDREN EAT, as you KNOW, COLD 
BREAD. 
KNOWN AUTHORS PREPARE, IT IS SAID, COR- 
RECT LETTERS, 
HONEST KINGS UNITE, I AM TOLD, LOYAL 
DISTRICTS, 
Pass | COLD BREAD IS EATEN BY SLOW CHILDREN. 
CORRECT LETTERS ARE PREPARED BY KNOWN 
AUTHORS. 
LOYAL DISTRICTS ARE UNITED BY HONEST 
KINGS. 
Rel CHILDREN WHO ARE SLOW EAT BREAD THAT IS 
COLD. 
AUTHORS WHO ARE KNOWN PREPARE LETTERS 
THAT ARE CORRECT, 
KINGS WHO ARE HONEST UNITE DIST RICTS 
THAT ARE LOYAL, 


Deep structures of sentences in Exp, II 


Children eat bread. Children are 
Authors prepare letters. Authors 
are correct. 
ings unite districts, Kings 
are loyal. 


slow. Bread is cold. 
are known. Letters 


are honest. Districts 


for each group of sentences, while the deep 
structures are essentially identical for all 
groups. (The deep structures of these sen- 
i the lower portion of 
on the basis of the 
the different groups 
patterns of associations, 
while on the basis of the deep structure the 
pattern should be the same for all the 
groups. As an example, in Group pass, Is 
EATEN should give bread as a response on 
the basis of the deep structure and by as a 
response on the basis of surface Structure. 


Method 


Subjects —Eighty 
graduates, randomly 
each, served as Ss. 
learning experiments 


Therefore, 
surface structures, 
should give different 


Princeton University under- 
divided into four groups of 20 
None had served in verbal 
before; all were 


groups of sen- 
All the sentences 
f words used by 
These words were used 
et is a response to any 
€e association. Group A 


Table 3. 
Were constructed from a set o; 
Cofer and Bruce (1965). 
because no word in this s 
other word in the set in fr 
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learned three simple active sentences, one at : 
time, and all the words from each sentence wa 
used as stimuli for the subsequent word asne 
tests. Group par learned the same simple active 
sentences as Group A, but inserted into each d 
tence was a parenthetical remark. Group par d 
given the same words as Group A during the en 
association test; the words from the parentheti z 
remarks were not used as stimuli. Group y 
learned the passive sentences corresponding to E 
active sentences learned by Group A. There Mer 
slight change in the stimuli presented to this des 
in the word association tests. Group pass us 
given "is + participle" as the verb (ie., IS VEL 
etc.). The word “by” was not used as a ies 
in the word association. Finally, Group rel e 
sentences in which the adjectives were replace a 
relative clauses. This group was given the e 
words as Group A in the word association tests. ; 
The procedure was the same as that for EXP 
The Ss were randomly assigned to groups OU 
ing to their order of appearance at the labora Fee 
and order of sentence presentation and age 
ciation stimuli were randomized for all Ss. a he 
learned the first sentence and was then give pro- 
word association test for that sentence. This 


TABLE 4 T 
INTRASENTENCE Wonp SEO CLARION JF Il 
Groups A, Par, Pass, AND REL IN EXP. 


2 p 
Stimulus Group Responses Ld 
children | other 
SLOW A 19 1 05 
Par 19 1 4:3:] Se 
Pass 19 1 
Rel 16 1 
slow other | 
CHILDREN | A 14 6 | 05 
Par 13 7 | 48] >: 
Pass 14 6 | 
Rel 10 3 | 
cold bread 
EAT A 8 6 5 
Par 6 6 | 13.70] <.00 
Pass 2 8 
Rel 0 15 
bread | other 
| 
LD A 19 1 z 
zn Pus 20 0 7.78 2.05 
Pass 18 2 
Rel 15 5 
cold other 
z 18 2 
| ns o 15 5 2.22 2.05 
Pass 17 3 
Rel 14 4 
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cedure was repeated for the two other sentences. 
e groups in Exp. II, no restriction was made 
e possible responses during word association; 

y word from the sentence just learned was an 
acceptable response. 


Results and. Discussion 


It was predicted that since the deep struc- 
tures of all these sentences are essentially the 
Same, no differences would be found in the 
Patterns of associations in the different 
groups. The results of the word association 
tests are presented in Table 4. A word of 
explanation is in order concerning the entries 
in Table 4. The words from the sentence 
an CHILDREN EAT COLD BREAD” are used 
Wor table to stand for the corresponding 
ien. in all three sentences. , That is, SLOW 

S for the three initial adjectives (stow, 
io and HONEST), CHILDREN stands for 
entr hree subjects of the sentences, etc. The 

Y in any cell represents the number of 
the Out of the 20 in each group who gave 
the response in question for at least two of 
Ti three sentences. For example, the first 
ow in Table 4 indicates that 19 Ss in Group 
s Zave the subject of the sentence as a re- 
Ponse to at least two of the three SLOWS. 
of i the very last line indicates that 14 S's 
sec ne 20 in Group rel gave COLD (ie, the 
Tona adjective in the sentence) as à Te- 
ad to at least two of the three pee 
io. of sreap (ie, the final noun In me 
in ence), This method of scoring resu i 
Se ach S contributing only one summarizec 

re for each comparison. . 

he results were generally a5 predicted. 
vi all groups, the most frequent response 
ee adjective was its corresponding noun ; 

each noun, the most frequent response 


Ve . n 

for its corresponding adjective. Therefore, 
"lace changes did not affect the adjective- 

i ( Although 


gut Pairs in any of the groups. ipe 
hy, results entail acceptance of the 1 
YPothesis, it is felt that since they are 
“sented only in conjunction with the sig- 
icant differences found in Exp. T and not 
a solitary finding, they are worth re- 


wev a differet vas fi id 
9 Hov fference v oul 
3 ) er, 4 d 

ses to EAT in the 


in 
di the Patterns of respon AR 

= “pass” and “rel 
Tent groups, In the pas ' : 
tences, more Ss gave bread as à response 


a 


Sen 


to EAT, while in Groups A and par, about 
the same number of Ss gave bread and cold. 
It may be that both deep and surface struc- 
tures played a part in determining the re- 
sponse in this case. Cold would seem to be 
an acceptable response on the basis of the 
surface structure, since the whole phrase 
*cold bread" is the object of the verb in the 
surface structure in the “A” and "par" sen- 


tences. 


GENERAL DISCUSSION 


The two experiments reported lend support 
to the contention that the deep structures of 
sentences are relevant to sentence organization 
on a psychological level. In Exp. I, identical 
strings of words with different underlying 
structures were organized according to those 
structures, while in Exp. II, it was found that 
sentences with different surface structures but 
similar deep structures gave very similar pat- 
terns of associations. The present results can 
be thought of as further evidence to support 
the hypothesis that as soon as a speaker has 
dealt with a sentence, he is no longer respond- 
ing to the surface structure. 

However, Rosenberg (1966, 1968) has re- 
cently reported results that he felt suggested 
that factors besides underlying structure can 
influence the organization of sentences. He 
found that when Ss attempted to recall sentences 
that had little or no interword association 
strength, recall seemed to be based on under- 
lying structure. Jut if sentences were used 
that had strong associative connections among 
Il pattern was found to be 
han that based on under- 

No constituent breaks 
e found in the recall; the sentences seemed 
egrated units. Neverthe- 
less, it should be noted that Rosenberg’s inter- 
pretation of these data is open to question. 
The organization of the various sentences was 
only assessed through subsequent recall, not 
through any more direct method, such as the 
one reported here. It may be that the as- 
sociative factor influences only recall and not 
the organization originally given to the sentence 
by S. An experiment has recently been com- 
pleted in which the organization of some of 
Rosenberg's sentences was assessed through 
intrasentence word associations. Preliminary 
analysis of these data suggests that contrary 
to Rosenberg's theorizing. the high-associative 
sentences do not produce patterns of intra- 


the words, the reca 
significantly different t 
lying structure alone. 


wer : 
to be recalled as int 
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sentence word associations that deviate sig- 
nificantly from the patterns based on deep struc- 
ture. Both the high- and low-associative 
sentences are organized in the same way. 
When S tries to recall a partially forgotten 
sentence, then associative factors may enter 
in terms of response availabilities and the like. 
A similar hypothesis has been proposed by 
Martin, Roberts, and Collins (1968). As. 
sociative factors would not seem to affect the 
organization given to sentences as they are 
learned and stored. 
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DIFFERENTIAL 


RATES OF 


GSR HABITUATION TO 


PLEASANT AND UNPLEASANT SAPID STIMULI* 


G. LAWRENCE FISHER? 


University 


A study was 


by different concentrations of hedonically positive 


(quinine monohydrochloride), and 


nine groups of Ss we 
solutions. | Habituatio 
more presentations tha 
sensitizes the individua 
pounds are potentially toxic, 
orienting reflex (OR) should 
other solutions. 


The findings were exten 
jectured gustatory affect p 
shown when bitter compound: 


roces: 
s are tasi 


. Sensory stimuli may perform two func- 


zm informational and motivational. Al- 
ie most investigators of sensory pro- 
Ses stress the informational one, the two 
‘Unctions are related. This is particularly 
ir Parent in gustation. In the present study 
€ investigators attended to the motivational 
ead ie. to the role of perceptual taste 
i in the evocation of autonomic, defensive 
ponses, 
aig "n mammals reject 
LE iter" and accept 
Bier. by humans. | Both 
class ances are found in nearly à 
A (Moncrieff, 1967). Further 
an abundance of evidence sh 


substances reported 
those reported as 
bitter and sweet 
every chemical 
more, there 


owing that 


se electrical activity of the classic gustatory 
she Pe varies with the intensity of iine 
ti lon, regardless of the acceptance-reJe- 
On characteristics of the chemical ( Pfaff- 
n 1965; Pfaffmann, Fisher, & Frank, 
Ji 

n this study was obtained 


p an honors thesis by the junior author Hg oe 
up. Vision of the senior author. The puc. ws 
PPorted by National Science Foundation Gran 


Gh 
hould be sent to G. 


Erud 
equest. EEEE : 
sts for reprints a i NA o AN 
llege Park, Maryland 


lA " " 
fo,., Portion of the data ir 


cue Fisher, Departmen 
742" of Maryland, Co 
aN, 

o 
8.H 


Ve 


20 
W at Pennsylvania State University, Milton 


ershey Medical Center. 


This hypothesis was 


concentration was a significant factor, 
ded to provid a 
s that is responsible for the repugnance 
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» of Maryland 


done to compare diminution of the GSR to repetitive stimulation 


(sucrose), negative 


neutral (water) solutions. Each of 


re stimulated by a single concentration of one of the 
n of the GSR to the quinine required significantly 
n to sucrose or water. 
1 to potential trauma and since most noxious com- 
it follows that the GSR component of the 
be slower to habituate to quinine than the 


Since the orienting reaction 


supported by obtained data. Quinine 
while sucrose concentration was not. 
e a preliminary evaluation of a con- 


ted. 


The nearly universal repugnance for bit- 
ter chemicals suggests the existence of an 
innate, plastic process whose primary func- 
tion is to reject aversive substances. The 
present study was done to evaluate this sug- 
gestion. The orienting reflex (OR) is be- 
lieved to reflect a mobilization of the organ- 
ism’s bodily resources for action on im- 
pinging stimulation (Sokolov, 1963). The 
GSR component of the OR was selected for 
use in this study because, despite the lack 
of consensus regarding its origins, it is 
generally agreed that it is an indication of 
sympathetic arousal (Woodworth & Schlos- 
berg, 1954). Furthermore, Sokolov (1963) 
and others (Montagu & Coles, 1966; Uno 
& Grings, 1965; Zimny & Schwabe, 1966) 
have confirmed that the GSR diminishes 
with repetitive sensory stimulation. If a 
component of the OR habituates differentially 
to hedonically positive and negative sapid 
solutions, one may systematically study the 
process that may be responsible for 


proposed L ible 
ndent food aversions or rejection. 


taste-depe 
METHOD 


Ninety-three introductory psychology 
he University of Maryland served as 
Ss to meet a course requirement. The data of 
three Ss were discarded because of equipment 
íailure. Five males and five females were assigned 
to each of nine groups. Four of these groups were 
stimulated with sucrose solutions, four with quinine, 


and one with water. 


Subjects: 
students at t 
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TRIALS TO HABITUATION 


noo 


O-nwaan 


10 037 01 003 


SUCROSE 


003 00! 0003 0001! 


QHCI 


HOH 


Fic. 1. Mean trials to habituation for 90 Ss, 10 


in each Chemical x Concentration, (Numbers on 
abscissa are M/1.) 


Apparatus —The stimulus 
livered via i 


cach syringe 
single con- 
or quinine monohydrochloride 


The stimulus solutions were: quinine monohydro- 
chloride (USP)—.003M, -001M, .0003M, -0001M ; 
Sucrose (reagent grade)—1.0M, 3M, .1M, 03M ; 
and deionized water. 

The GSR and BSR were recor 
AgCI electrodes. 
mately 2 cm? 
phalanx of the 
masking tape, 
mm.) was 


ded using Ag- 
A circular electrode, approxi- 
in area, was applied to the middle 
middle finger of the left hand with 
The reference electrode (50 x 75 
applied to the glabrous surface of the 
arm. K-Y surgical 


Responses were rec 
Texas Instrument Model 
corder. 

The S was seated in a comf 


ortable dental chair 
within an electrically shielded 


room. After the 
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electrodes were applied, the chair was ee 
until S’s tongue could be extended comfortably 
beneath a short oxygen catheter connected to the 
solenoid valve orifice. A heat-molded, polyetiylene 
funnel was brought against the chin immediately 
below the lower lip. The solution Hlowwed Eyes 
the anterior dorsal tongue into the funnel. i Che 
maintained his tongue in the extended position for 
the entire session. Interstimulus intervals M 
variable, the shortest being 30 sec., the longest, 
sec. P 

The room was darkened and “Noisefoes” xe 
placed over S's cars to reduce extraneous, audi 
stimulation. The solenoid valve was quee x 
Plastic foam within a grounded alurninum s 
The only Nongustatory cues were tactile and the 
mal when the solution flowed over the tongue. / 
solutions were maintained at 22-25° c. jl. 

Each S was stimulated repetitively with 10 Hie 
of one concentration of a solution until cither ta- 
habituation criterion was reached or 26 Dres usc 
tions were completed. The criterion ior a d 
related response required that it occur piena it 
Sec. aíter the solution was presented and we 
was clearly distinguishable from bac gun ae 
Specific activity, ^ The smallest iod 
change accepted as a specific response nee hr. 
ohms. The session length was limited. Ad 10-15 
Which permitted stabilization of the BSR dient 
min.) and completion of recording before S be 
uncomfortable. 


skin 


ReEsutts 


The number of trials to habituation M 
counted for each session. The E 
for habituation was that no response py 
for two Sequential trials. Figure 1 x 
marizes the major finding. The GSR bite 
ponent of the OR is more resistant to ha ter. 
ation to QHCI than to sucrose or d to 
Furthermore, the habituation is scm 
the concentrations of the QHCI m su- 
while unrelated to the concentrations O 
crose, Ws 

The sapid Chemical effect was sigle 
F (1,27) 2866, p < 001. The ag a z 
tion effect was also significant, F (3, are 
80, ^ <.005. The Solution x G27) 2 
tion interaction was significant, F (3, s not 
77, b < 001. Variation among Ss b: i the 
significant. Figure 1 shows clearly ate 
significant concentration effects and Eor ib- 
tration X Solution interactions were co! 
uted by the OHCI. fifth 

All Ss habituated to water by the e by 
trial. Of 40 Ss, 39 habituated to ums 
the tenth stimulation: a single S conte f 
to respond for 18 trials to .3M sucrose- 


ant, 


EE — — MÓÓ— 0, 
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40 Ss, 18 did not habituate to QHCI by the 
twenty-fifth trial. All responses were trans- 
formed to changes in conductance, VAC 
based on the formula proposed by Edelberg 
(1967) : 


The mean conductance was determined on 
a trial-by-trial basis for each chemical. An 
analysis of variance indicated a lack of sig- 
hificance among concentrations of sucrose 
and OHCI on Trials 1 and 2. The total 
number of responses was the same for these 
"en ie, five Ss habituated by the third 

lal. 


Discussion 


Using Sokolov's (1963) theory as a frame- 
Work, it was hypothesized that GSRs to QHCI 
Would habituate more slowly than sucrose for 
the following reasons: (a) In many instances, 

"ter substances are toxic, and the organism 
reacts defensively to their presentation ; after 
laving determined the chemical's stimulus 
Properties, he will generally avoid intake. This 
efensive process requires à high level of 
Arousa], thereby perpetuating the OR. (b) 

Weet substances are generally beneficial to 
the animal; once he has determined its stimulus 
Characteristics, the need for a high level of 
*rousal is removed, i.e, whether or not intake 
mrs, (c) Sugar, in any of its forms, is a 
More common element in the typical diet than 
attining, Rapid habituation to sugar may be 
Partially induced by familiarity. 
si e present experimental results were con- 

Stent With these expectations. While many 

S Were still responding quite strongly a 
Wüinine on the twenty-fifth trial, all habituate 

Sugar and water prior to the tenth trial. 

Nese results are relatively conservative since 
ua the mean interstimulus interval for quinine 
(43 Shorter (36.3 sec.) than that for sucrose 
tan: S€c.), thus facilitating a relatively "y 

we'd habituation to the former (Allen, EN 

ang n5, 1963; Thompson & Spencer, cin 
Seng; only the anterior, or more su ene 
ca itive, portion of the tongue was stimula 

Merine, Pangborn, & Roessler, 1965). " 
ty, f 10 Ss, 8 were still responding pan: 
io; U-fifth trial at the two higher jeer aie st 
Ore of OHCI. The lower concentratior Ts 
ICI produced more variable data. 1 
West concentrati f orted as not being 

ration was repi 


particularly unpleasant by the present S's. In 
some cases, the lowest concentrations of the 
QHCI and sucrose were reported informally 
as barely recognizable. 

The water-elicited GSR required an average 
of 4.1 presentations to habituate. Consider 
that two factors are operating: habituation to 
the situation. (nonspecific) and habituation to 
the stimulus itself (stimulus-specific habitua- 
tion). The Ss usually respond to the first 
presentation of any unexpected stimulus. In 
the present study, Ss were experimentally naive 
and generally apprehensive about serving as 
Ss in an experiment involving surface electrodes 
and a dental chair. Once the novelty and 
trepidation dissipated, the nonspecific habitua- 
tion progressed. The sucrose required more 
stimulus presentations to habituate than water, 
but this effect was not significant, even at the 
highest concentration. 

One problem raised by these data is that of 
identifying the causes of the different rates of 
habituation. One may argue that the GSR 
habituation to various solutions was due to the 
adaptation of subjective intensity of the solu- 
tion rather than to an affective process 
(Krakauer & Dallenbach, 1937; Meiselman, 
1968). This is unlikely; Krakauer and Dallen- 
bach found that complete adaptation of QHCI 
and sucrose requires 75-325 sec. of continuous 
stimulation. Slight tongue movements prolong 
adaptation. In the present study, each sapid 
solution flowed over the tongue for about 6 
sec/trial (150 sec. for 25 trials). This is 
well below the adaptation time required for 
the strongest solution in the experiment cited. 
In addition, the interstimulus intervals were 
longer than 30 sec., during which time small, 
lingual movements occurred. During debrief- 
ing, most Ss reported that stimulus intensity 
remained fairly constant. 

On the other hand, the data may reflect 
qualitative differences in gustatory sensation ; 
ie, they may reflect the hedonic characteristics 
of the chemicals apart from the taste name, 
eg. disgusting vs. bitter. As a supporting ex- 
ample, sodium chloride is often reported 
pleasant at hypotonic concentrations and un- 
pleasant at hypertonic concentrations (Pang- 
born, 1967). A study similar to the current 
one, using weak and strong concentrations of 
the same chemical, would emphasize the affec- 
tive dimension of the stimulus complex. If 
future results indicate that autonomic response 
habituation reflects differences in the affectivity 
of stimuli, this additional parameter may have 
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to be specified in those habituation studies in 
which the stimuli have significant affective 
"Stein (1966) has postulated that habituation 
is the result of an interaction between ex- 
citatory and inhibitory processes. Following 
stimulus onset, the excitatory process is acti- 
vated and then the inhibitory one, The latter 
may be conditioned to override the excitatory 
process upon stimulus onset, thereby diminish- 
ing the OR, i.e. habituating. This is an in- 
teresting view. Taste stimuli are always ac- 
companied by nongustatory cues. There is 
ample opportunity for these cues to assume the 
hedonic attributes of the taste itself, 

During informal taste tests in our laboratory, 


ported “tasteless” 
have any flavor. The ionic content of the 
solvent and rinse was less than 1 ppm in terms 
of NaCl conductivity. 

The concentrations of OHCI and sucrose 
were selected on the basis of subjectively equal 
intensities (Fisher ;4 Kocher & Fisher, 1969). 
The .003M OHCI Was reported as less intense 
than the 1.0M Sucrose; the .001M QHCI was 
than the 3M sucrose, 
S of chemicals used in 
generally reported as 


ightly sweet” in the 
Kocher and Fisher study. It may be assumed 


that the differences jn GSR resistance to 


the present study are 
primarily attributable to factors other than in- 
At the higher concentrations, 
the OHCI was reported markedly “unpleasant,” 
while the sucrose was “pleasant” in the studies, 


direction of the hedonic tone of these chemicals 
is the most prominent distinguishing character- 
istic. These data do not contradict the pos- 
sibility that there is a secondary gustatory 
Process whose Primary function is to react 
differentially to hedonic attributes of the taste 
stimulus complex. 

* Unpublished study entitled “Ma, 


tions of intensity and preference 
sugar solutions,” 1969. 


gnitude estima- 
of quinine and 
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SEMANTIC SIMILARITY AND THE COMPARISON 
OF WORD MEANINGS? 


BENSON SCHAEFFER? anp RICHARD WALLACE 


University of Oregon 


Two experiments attempted to demonstrate the effects of semantic similarity 


on the judgment of word meanings. 


Experiment I showed that semantic 


similarity facilitated the judgment of meaning equivalence, e.g., the judgment 


that two words belong to the same category. 


Experiment II showed that 


semantic similarity hindered the judgment of meaning difference, e.g., the 


differentiation between the meanings of two words. 


Explanations of the 


effects in terms of associative biases and hierarchical processing are proposed. 


Semantic similarity has been shown to 
rant performance in many situations. Raz- 
Seen. 49) found that a conditioned salivary 
.Sponse generalized on the basis of semantic 
Similarity, and Corman and Wickens (1968) 
showed that increasing the semantic similar- 
ity between interpolated and recalled mate- 
b decreased the retention of the latter in 
short-term memory. Recently, Posner and 
m (1967), Neisser (1967), and Lan- 
"ler and Freedman (1968) have used re- 
“ction time tasks to investigate stages in 
Perceptual processing, parallel and serial 
Processes, and long-term memory search, re- 
Spectively. The present experiments employ 
orttion time tasks to highlight the effects 
W Semantic similarity on the judgment of 

ord meanings. 
ioe meanings can be compared along 

nsions of equivalence or difference; e... 
the Words wren and fox are equivalent in 
"at both denote an animal and different in 
^ ei. one denotes a mammal. The Bus 
dij ien attempt to show that ade Y 
equi ar words can be more easily jud ged 
ae. alent in meaning than can parr ! y 
A words, but less easily judge n 
ass nt, _ The prediction is based on 
“Stmption that associations are activated 
ie a given word is understood. Two 

Mantically similar words can be more 


! This he Advanced 

research was supported by the 
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ir Force Office of Scientific Research under 
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readily judged equivalent than can dissimilar 
ones because they activate many of the same 
associations and these provide cues of simi- 
larity. Two similar words can be less readily 
judged different because the cues of similar- 
ity provided by their common associations 
interfere with the difference judgment. Ex- 
periments I and IT attempt to demonstrate 


these effects. 
EXPERIMENT I 


A same-different reaction time task was 
used to find out if semantic similarity facili- 
tates equivalence judgments. The Ss were 
shown a pair of words and asked to judge 
whether the two words had the same or 
different meanings. They were instructed to 
press the "same" button if both words de- 
noted living things or if both denoted non- 
living things, and to press the “different” 
button if one denoted a living thing and the 
other a nonliving thing. The “living” words 
were mammals and flowers and the “non- 
living" words were metals and fabrics. Tt 
was predicted that 5s would press the “same” 
button more quickly to two mammals or two 
flowers than they would to a mammal and 
a flower; and more quickly to two metals or 
two fabrics than to a metal and a fabric. 


Method 

Subjects—Five male and five female students at 
the University of Oregon served individually as Ss 
in two sessions on consecutive days and were paid 
$1.50 per hour. ' . 

Materials.—The presentation materials were 320 
pairs of nouns. The pairs were derived írom a 
set of 40 words ordered as follows: 20 were living 
words, divided further into 10 mammals and 10 
flowers; and 20 were nonliving words, divided 
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TABLE 1 


MEAN Reaction TIME (IN sec.) ror SAME AND 
DIFFERENT JUDGMENTS ON Day 1 AND Day 2 


Judgment Day 1 Day 2 
Mammal-Flower-Same 1.523 1.324 
Flower-Flower-Same 1.431 1.187 
Mammal-Mammal-Same 1.315 1.152 
Metal-Fabric-Same 1.887 1.522 
Fabric-Fabric-Same 1.774 1.407 
Metal-Metal-Same 1.447 1.192 
Living-Nonliving-Different 1.655 1.422 

further into 10 metals and 10 fabrics. Living 


words had either two or threc syllables (five of 
each in each subgroup) and nonliving words had 
one or two syllables (with the same allotments). 
The words were: lion, squirrel, camel, raccoon, 
zebra, antelope, gorilla, kangaroo, elephant, and 
opossum; tulip, pansy, iris, lily, daisy, hyacinth, 
petunia, carnation, marigold, and gardenia; gold, 
lead, tin, zinc, steel, iron, copper, silver, nickel, and 
tungsten; and wool, silk, felt, tweed, yarn, flannel, 
denim, rayon, nylon, and velvet, 

The word pairs were of three types: 
both words were members of the same subgroup 
(mammal, or fabric); in 80 pairs 
cach word was a member of a differ 


in 80 pairs 


superordinate group. The 
following variables were balanced 
syllable number, subgroup member- 
arance of a word on the left or 


Each word pair was typed in 
in. high) on one line of a 5x8 in. card, with 
the words and the Space between them centered 
14 in. from the bottom edge. 

The cards were shown in a tachistoscope. When 
S was leaning into the eyepiece, the card was 
approximately 18} in. from his eyes, and the word 
pairs subtended a visual angle of about 4°, The 
Ss sat in a chair in front of the tachistoscope ; 
attached to the chair was a horizontal panel with 
two response keys, one labeled “same,” one “dif- 
ferent.” When the tachistoscope field was exposed, 
depression of one of the keys turned it off and 
stopped a Hunter timer which registered response 
lime in milliseconds, During the sessions, S wore 
headphones which transmitted white noise at a 
constant low amplitude. 

Procedure.—The set of 320 cards was divided 
into two decks of 160. Each deck was balanced 
with respect to the variables mentioned previously. 
Each deck was ordered randomly, with the con- 
straints that in one half of the pairs the words 
belonged to different Superordinate categories and 
that there were no more than four same- or differ- 


capital letters (k 
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ent-superordinate pairs in a row. The two result- 
ing orders were used for all Ss. 

The Ss were run in two sessions held on RE 
secutive days. In each session, one of the dec E 
was used, yielding 160 trials. Five Ss were giver 
one deck first, and five the other. id 

At the beginning of his first session, S was to 
that his task was to decide, on each trial, yer 
the two words presented were both living, © 
nonliving, or that one word belonged to each An 
these categories. If both words belonged to n 
Same category, he was to press the key s 
"same"; if they did not, he was to press the m 
labeled "different" The S was told that the e 
words would refer to mammals or flowers ‘ly 
the nonliving words to metals or fabrics. Fina $ 
he was told that this was a reaction time S 
ment, and therefore he was to respond as Quin 
aS possible while still keeping his errors to 
minimum. : s “dif- 

In each session the initial two trials werc ted 
ferent" pairs; the first of these was not counen 
in the analysis. The series of trials in a e 
was divided into groups of 15 and a rest Fathin 
of about 45 sec. was given between groups- Us 
cach group the intertrial interval was ahout an 
Immediately before each trial, E said RSEN a br. 
then presented a card. A session lasted about 14 


Results 


%, low 
The mean error rate was 7.8%, 


ee ee i 
enough to consider correct reaction EU e 
good measure of judgment difficulty. onds 
1 presents the mean reaction time in sec on 
for correct same and different judgments 
Day 1 and Day 2. udg- 
As can be seen, mammal-flower-same J rer- 
ments were more difficult than either g^ 
flower- or mammal-mammal-same Tents 
ments, and metal-fabric-same judg” ic 
were more difficult than either fabric-fa 
or metal-metal-same judgments. A r t 
measures analysis of variance showe' ilit 
the average difference, .176 sec, was f 
nificant at the .001 level,.F (1, 54) = 1-fab- 
The smallest difference, between meta was 
ric- and fabric-fabric-same judgments "31, 
significant at the .01 level, F (1, 54) ; judg 
Clearly, semantic similarity facilitates 
ments of meaning equivalence. " 
The session or practice effect "meo 
cant at the .01 level, F (1, 9) E A 
the Practice x Judgment interaction i s 
nificant at the .05 level, F (6, 54) =: 
The latter was a result of the cipes i^ 
ence between mammal-mammal- PY n O 
flower-same judgments on Day 2 tha 


ted 
hat 


gnifi- 
ant 


sig 
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Day 1. There were also consistent differ- 
ences in difficulty as a function of semantic 
category. 


EXPERIMENT II 


A modified same-different reaction time 
task was used to find out if semantic similar- 
ity hindered the judgment of meaning dif- 
ference, The Ss were presented with two 
category labels, such as bird and mammal, 
followed by a single word, such as wren, 
that belonged to one of the two labeled 
Categories, The S's task was to press the 
button corresponding to the side, left or 
Tight, on which the category label which 
described the single word had appeared. 
(The Correct position varied randomly.) 
The question of interest was: would the 
Judgment of a word, such as wren, be quicker 
When two semantically similar labels, such 
as bird and mammal, appeared or when two 
Semantically dissimilar labels, such as bird 
and fruit, appeared. It was predicted that 
6 common associates, such as animal, of the 
Similar labels, bird and mammal, would 

inder the differentiation between them. 

ne labels bird, mammal, fruit, and gram 


Were used, 


Method 


Subjects —Five male and five female students at 
in University of Oregon served individually as Ss 
$1 509 Sessions on successive days and were pa! 

1 Der hour. . 

Stry aterials—The presentation erials were ey 
iid from a list of four ca y : d. 5 
of omal, fruit, and grain) and 20 item word d 

d which belonged to each category (wren, ove, 
and? hawk, and duck; fox, deer, #ger, mouse, 
and mule; orange, plum, grape, pear, and apple; 

rice, oats, barley, wheat, and rye). j 
jc of category words, including all 12 ee 
letter and single item words were typed in p 
fente; (à in. high) on white 5x8 in. š 
ered 14 in. from the bottom edge. 


i two-channel 
cards were presented in 2 s 
Sepe B Ss’ seating and 


The tachistoscope f 
POnse panel, and the way i which response 


tages 
k chisto, 
S 
tir n 
ne w 
Was recorded were the sat 


me as in Exp. 
rocedure.—The Ss participated in two li 
Sess?! On consecutive days. In cach Lo za 
gop OD, S was first presented with a pair o E à 
an Y, Words for 700 msec» followed immediate z by 
ta em word that belonged to one of ‘ontil S 
madBOries. This word remained in view s Fd 
Whig his response. The S's task was to decide 
"ch category the item word belonged and to 


Ses. 


TABLE 2 


MEAN REACTION TIME (IN SEC.) FOR JUDGMENTS 
CONCERNING SEMANTICALLY SIMILAR AND 
DISSIMILAR LABELS 


Similar labels Dissimilar labels 


Bird- 


d- |Mammal-|Mammal- 
Grain i 


Bird- 
Fruit Grain 


Fruit 


Fruit- 


Bird- 
Grain 


Mammal 


-784 -114 .742 .748 .723 731 


press the key corresponding to the position of the 
correct category word; e.g., if the correct category 
word was the left word of the category pair, S 
had to press the left key. His response time was 
measured from the onset of the item word to 


the depression of a response key. 

All combinations of category-word pairs and 
relevant item words appeared in each 120-trial 
session. Trials were run in groups of 10 with a 
rest of about 45 sec. between groups. Within a 
group, the intertrial interval was about 10 sec. 
Twelve practice trials were given prior to Session 
1, and two prior to Session 2. 


Results 

The mean error rate was 7.5%, low 
sider correct reaction times a 
good measure of judgment difficulty. Table 
2 presents the mean reaction time in seconds 
for correct judgments concerning similar and 
dissimilar labels. 

As can be seen, semantically similar labels 
were harder to differentiate than were se- 
mantically dissimilar ones. A repeated mea- 
sures analysis of variance showed that the 
average difference of .043 sec. was significant 
at the .001 level, F (1, 45) = 51.49. The 
smallest difference, between grain-fruit and 
grain-bird judgments, was significant at the 
05 level, F (1, 45) = 7.15. Clearly, similar- 
ity hindered judgments of meaning differ- 
The session or practice effect was 
he .01 level, F (1, 9) = 


enough to con 


ence. 
also significant at t 


14.32. 
DISCUSSION 


The experiments showed that semantic 
similarity facilitates the judgment of meaning 
equivalence, but hinders the judgment of mean- 
ing difference. A consideration of the in- 
dividual experiments will help refine the as- 
sociative interpretation of the results put forth 
in the introduction. The data of Exp. I can be 
explained in two ways. An associative bias 
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interpretation would hold that the associations 
common to similar words evoked an implicit 
"same" response that facilitated the 'same 
button press; a hierarchical processing inter- 
pretation would hold that two similar words 
can be judged equivalent in fewer steps than 
can two dissimilar ones; e.g., tulip and pansy 
would be judged "flower-flower" and "same, 
while iris and camel would be judged “flower- 
mammal,” "living-living," and “same.” The 
data do not distinguish between interpretations. 
Posner and Keele (1967) found an analogous 
result at the perceptual level; e.g., two physically 
identical letters, A and A, were more quickly 
judged name-identical than were two dis- 
similar letters, A and a. 

The results of Exp. II can be explained in 
many ways. Recall that it was harder to call 
a wren a bird when the label bird appeared with 
the label mammal than when it appeared with 
the label fruit. Two forms of associative-bias 
interpretation suggest themselves, One holds 
that the two labels, bird and mammal, arouse a 
common associate, animal, which evokes an 
implicit “same” response that interferes with 
the judgment. The other holds that the 
label and the word, mammal and wren, evoke 
the common associate, animal, that interferes 
with the judgment. Both interpretations are 
likely true in part. What is clear, however, is 
that a hierarchical Processing interpretation of 
the type Proposed for the results of Exp. I will 
not do. The basic reason is that the hier- 
archical Processing posited is an efficient pro- 
cedure that minimizes the number of steps 
in the judgment process. The judgment process 
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taking place in Exp. II is not an efficient pro- 
cedure because it involves the reading of both 
labels. Since one of the labels always describes 
the word, Ss would be efficient if they e 
only one label, say the one on the left, d 
pressed the left button if this label describe 
the word and the right button if it did na 
Instead, as the results show, they read boti 
labels. Henmon (1906) found a result anal 
gous to that of Exp. II at the perceptual par 
€. two similar colors, red and yellow, T 
less quickly judged different than were tW 
dissimilar colors, red and green. 
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DOUBLE STIMULATION WITH VARYING 
RESPONSE INFORMATION +: 


BARRY H. KANTOWITZ ? 


University of Wisconsin 


The S;-R,-S« double-stimulation paradigm was applied to a two-choice Fitts’ 


law task. 


Fitts and Peterson concluded that in a single-stimulation Sı-Rı 


task, reaction time (RT) and movement time (MT) reflect independent 


processes. 
double-stimulation conditions. 
tions, MT was slightly elevated rel 


Parallel Fitts’ law functions were obtained for both single- and 
However, in the double-stimulation condi- 
lative to the single-stimulation condition. 
ditions was considerably greater than 


RT in the double-stimulation con 
It was concluded that RT and MT reflect additive 


single-stimulation RT. 
rather than independent stages o: 
two-stage model was proposed. 


"n iews of a man as a serial information 
end have been supported by the rela- 
Sta; independence of selection and execution 
Pie of motor responses in a choice re- 

on time (RT) task. Fitts and Peterson 
Spon investigated effects of varying re- 
Ment n information on both RT and move- 
Mot time (MT) in a discrete two-choice 
Or task, The Ss were required to move 


as qu; 
3 Quickly as possible to one of two alterna- 


iv 5 
( Ww targets; however, both the target width 


ampi, 2d the distance to the target 
mode of movement) were varied. The 
Se of information generated by the re- 
(ips Was given by an index of difficulty 
l 


i Proposed by Fitts (1954) and equals 
Fitts, as well as Fitts 


2 
and à 
tion Peterson, found MT to be a Te e 
s been 


repli peser 
ji licateq and is generally termed Fitts' law. 


by ver, RT was not found to be affected 
D. Thus Fitts and Peterson concluded 
i hile MT 


tha 

is E RT indexes response selection, w e 

the Measure of response execution, and tha 
Processes are relatively independent. 


1 
Wag is Tesearch was conducted while the Ls d 
Serie Ported by United States Public oU 
author Predoctoral Fellowship 7- 1-MH-29. : 
aa the is indebted to E. E. Smith for his Dp 
tng q, Manuscript and to Bob Calfee, David rant, 
en “conard Ross for assistance in obtaining yes 
n dditional criticism by the editorial iai] 
*R and by Louis Herman is also acknow! oe i 
quests for reprints should be sent to ae 
Spare Witz, who is now at Purdue Universi, 
M tment or Psychology, ndia 


Lafayette, 


f information processing, and an incremental 


Also compatible with a distinction between 
response selection and response execution are 
results of two related double-stimulation 
studies (Herman & Israel, 1967; Herman & 
Kantowitz, 1969). In the general double- 
stimulation paradigm, two successive stimuli 
are presented in close temporal proximity, 
e.g., less than approximately 500 msec. apart. 
Response demands vary with the particular 
task chosen (for a recent discussion, see 
Herman & Kantowitz, in press). The par- 
adigm of present interest can be schematized 
as S1-Ri-Se. Note that no overt response is 
required for the second stimulus. This par- 
was used by Helson and Steger 


adigm 
(1962), who found RT to S, to be in- 
creased when the S1-S2 interstimulus interval 


(ISI) ranged from 10 to 170 msec. Unsuc- 
cessful replications by Lappin and Eriksen 
(1964) and Koplin, Fox, and Dozier (1966) 
were attributed by the authors to methodo- 
logical flaws in the Helson and Steger study. 
This unsatisfactory state of affairs was clari- 
fied by Herman (1969), who noted differ- 
ences between the stimulus display used by 
Helson and Steger and that used in the repli- 
cation attempts. Both Lappin and Eriksen 
and Koplin et al. used a stimulus display 
comprised of two lights alternating as S; and 
Se on successive trials; thus each light served 
a dual role, functioning (on different trials) 
as either Sı or Ss. The display used by 
Helson and Steger consisted of three lights, 
with the two end lights serving as S; and 
the third central light always as S»; thus 
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e 
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H 
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3 5 7 
INDEX OF DIFFICULTY 
(BITS) 
Fic, 1. Mean latencie 


s as a function of ID. 
control condition; 40— 
mulation condition; 100— 
stimulation condition, All 
rrorless trials.) 


(SS= single-stimulation 
40-msec.-ISI, double-sti 
100-msec.-ISI, double-: 
points are based on ei 


The main effect of IST was significant, F (2, 
22) = 13.13, p < 001, but the ID x ISI 
interaction was not, F (6, 66) — 142, p> 
.05. Therefore, the three Fitts’ law functions 
can be considered parallel. "There was a 
slight but significant elevation in MT for 
the double-stimulation conditions as com- 
pared to the single-stimulation control condi- 
tion. Two-tailed multiple f tests were used to 
compare 40-msec. ISI with single-stimulation 
control, ¢ (22) = 5.13, p < .001, 100-msec. 
ISI with single-stimulation control, £ (22) — 
2.88, p < .01, and 40-msec. ISI with 100- 
msec. ISI, ¢ (22) = 226, P «€ .05, since no 
a priori theoretical justification existed for 
predicting a directional effect. 

Since the 5-bit ID was achieved with two 
targets of different widths, Fig. 1 shows six 
points at that ID level as compared to three 
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points at other ID levels. Fitts' law P 
dicts no differences in MT between the Se 
5-bit target sets. An additional analys 5 
variance, two levels of ID and three leve E z 
ISI, failed to reveal a significant dien 
between MTs for the two targets, F (1, 

= 3.94, .01 > p > .05. 

Reaction ee 1 also shows E 
as a function of ID, with ISI as the Pe 
eter. The approximately horizontal d by 
tions indicate that RT was not we 
ID, F (3, 33) = 135, p > .05. The md 
effect of ISI was significant, F (2, vir 
11.94, p < .001. On the basis of both p ici 
empirical findings and response si i 
theory (Herman & Kantowitz, in press com- 
rectional multiple £ tests were used to ition 
pare the single-stimulation control rouble 
with the 40- and 100-msec. ISI m 
stimulation conditions. The are con 
parisons between control and code. ] 
ditions, £ (22) = 2.86, and Between t, west 
and 40-msec. conditions, t (22) = 4. 4.0009 
significant at better than the .005 e e-tailed 
levels, respectively. An additional on n cof 
test between the two double-stimulatin i 
ditions evidenced reliably greater € < 05 
at the shorter ISI, (22) = 1.98, P signif 
The ID X ISI interaction was not 
cant, F (6, 66) = .83, p > .05. 


A „wrong 
The frequency of moving-to-the se 
target errors was greatest for the the 


ISI (3.60 errors/block), followed i 15! 
100-msec. ISI (.67 errors/block) an se erro 
(0 errors/block). Mean RT of -— E 
trials was greater than RT for corre 2x m 
for both 100-msec. (mean error R = 5 
msec.) and 40-msec. (mean error 
msec.) ISIs. 


DiscussioN 


" «ond 

5 edicti, 

Results are fully in accord with M. ali MM 

a and b, generated by an additive ence more, 
though Prediction c of the independen alid 


a 


i icti i us inv 
is supported, Prediction d is not, th — 


only of 
A the selection phase is influenced Pico E. 
ISI, but the execution phase is 968) has ? 0 
both ISI and ID. Sternberg (196 riables 9 
used noninteracting independent venil 
define a class of additive models 


—»————iÉ€É———— 
a, 


RESPONSE INFORMATION AND DOUBLE STIMULATION 


(add A. However, Sternberg's analyses are 
ased on total response time, which in the 
impe study would be the sum RT + MT, so 
P his models are not directly comparable to 
is el A. Nevertheless, both types of models 
i similar in stating that human information 
Pent involves a series of stages and that 
= stage must be completed before the next 
as begin. Model A implies an all-or-none 
d ponse selection, with the output (but not the 
a aai) of the selection stage being un- 
stä uenced by ISI. This is followed by a two- 
DH ge execution phase. In contrast, Model B 
ig an execution phase consisting of but 
iis Stage. The ISI variable influences MT by 
ae noise and degrading the output of the 
fro; ction stage. This type of analysis diverges 
ae that of Sternberg (1968, D. 12), whose 
sta nition of stage precludes the output of a 
e being influenced by the same independent 
sta. iable responsible for the duration of that 
thee _Model B implies that the probability of 
inc emission of a particular response selection 
tio reases without discontinuity during the selec- 
en phase. To determine which model * is to 
na preferred, some inferences need to be 
awn from RT data. 
for p: present study found . preute 
agr he shorter (40-msec.) ISI. This is in 
C cement with results of Herman and Mc- 
auley (1969), who found RT to decrease over 
values of 30, 60, 90, and 120 msec., with 


RT to be greater 


th i 
and greatest decrease occurring between 
60 msec. Such a finding is entirely con- 
which 


flict theory, 
and hence greater 
nse tendencies 
However, this 
in the 


Son : 
ant with response con 


ee 
qediets greater conflict, 
m » as the competing respo 
n Oden each other in time. 
Pre. ng was only barely 5' 
1 Sent study, and other 
a Herman & Israel, 1967) ! [2 

Temain constant, although delayed € 


r 
oe conflict. In the present S 
shorter T was considerably gre 
Breater ISI, whereas RT — 
crror tri Furthermore, RT W 
iride a than on correct trial 
€ for increased conflict is 7 
cerned with the addi- 


sible stages. It is 
r variables not 
d to increases 


ot reflected 


4 
type Present study was Co^ 
like y of only two or three pos 
Dres? {hat the influence of othe 
in à ly under investigation will lea 
© number of postulated sta8°S- 
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Fic. 2. Two possible information-processing 
models. (The dashed vertical line separates re- 
sponse selection on the left from response execu- 


tion on the right.) 


between RTs for the two ISI values since error 
i.e, presumably those trials arising from 
response competition, were excluded 
from analysis. Herman and McCauley, while 
reporting overall error rates, did not provide 
RT data for error trials or number of errors 
at each ISI, but it seems likely that such data 
might also have shown errors to vary inversely 
with ISI. This type of finding is of interest 
because it indicates that response conflict de- 
ses as the response selection phase con- 
decrease in response conflict, sug- 
h RT and error data in the present 
study, supports the continuous-strength Model 
B rather than the all-or-none Model A. Model 
B is also supported over Model A by the find- 
ing of Herman and Kantowitz (1969) that 
insertion of Se during the execution phase had 
no significant effect on MT; this shows that 
the ISI variable operates entirely prior to 
response execution, as indicated by Model B. 
Finally, the increment added to MT by the ISI 
variable is small, as might be expected from a 
stage fed by a degraded signal. 

Theoretical Model B is testable since it im- 
plies that a weak competing response tendency 
inserted early in the selection phase can have 
as potent an effect as a strong competing re- 
sponse tendency inserted at the end of the selec- 
tion phase. However, once the selection phase 
has ended, any competing response tendency 
will have minimal effect. The difficulty with 
this statement lies in fixing the end of the selec- 
tion stage, for as long as the probability of 
response selection lies below 1.0, a sufficiently 
strong competing tendency may yet a fortiori 
replace it. Herman and Kantowitz (1969) 
avoided this problem by waiting at least 50 


trials, 
maximum 


crea: 
tinues. This 


gested by bot 
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msec. after RT to insert So. de E 
search is needed to approach .the s Ad 
selection phase TS below, eg. with s 
Ec ees consistent with results re- 
ported by Lappin and Eriksen (1966). In 
their procedure, Sp when presented was delayed 
0, 12, 33, or 63 msec. The Ss were instructed 
16 respond to S; only if S, did not occur. As 
the ISI increased, Ss became less able to in- 
hibit their response to Si; 

tential response passes the ve 
in Fig. 2, it cannot be recal 
Eriksen also concluded that t 
of RT “seems to be an event with relatively 
constant duration, which is unmodifiable once 
initiated [p. 810].” This too is in accord with 
a one-stage execution phase. 


Thus once a po- 
rtical dashed line 
led. Lappin and 
he motor portion 
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AVERSION THRESHOLDS AND AVERSION DIFFERENCE 
LIMENS FOR WHITE LIGHT IN ALBINO 
AND HOODED RATS? 


BYRON A. CAMPBELL? anp RITA B. MESSING 


Princeton 


Preference thresholds for light vs. 


n University 


darkness and for one illumination of 


light over another were determined for albino and hooded rats, using a simple 


spatial preference test. 
total darkness, and the light aversi 
strains. The magnitude of the avers 
tion (Weber ratio) decreased drasti 
leveled off or increased somewhat a 
ratios of the hooded rats being abo 
albinos. | Comparison of the Web 
detection functions revealed that r: 


Neither strain preferred any illumination level over 


ion thresholds were the same for both 
ion difference limen relative to illumina- 
ically as illumination increased and then 
t higher illuminations, with the Weber 
ut 1 log unit larger than those of the 
er ratios of aversiveness with human 
ats are quite sensitive to changes in 


illumination well within the photopic range. 


For the rat, white light is thought to have 
both rewarding and aversive properties. 
Numerous investigators have shown that rats 
Will perform an instrumental response to 
terminate bright light (e.g., Kaplan, Jackson, 
& Sparer, 1965; Keller, 1941), although the 
Vigor of responding does not approach that 
Produced by electric shock-induced pain or 
Even mild degrees of hunger. Conversely, 
Other investigators have shown that rats will 
Press a bar to produce brief periods of light 
When the animal is housed in total darkness 
(cf. Lockard, 1963b, for a review). 

Within this broad area of research, the 
Major issue of current interest concerns the 
nature of the reinforcing effects of light 
Onset. Two hypotheses have been advanced. 
One states that the reinforcing effect is due 
to the stimulus change or novelty produced 
by light onset (McCall, 1965; 1966), and the 
Other states that some levels of light are 
inherently preferred over others and that 
animals will work to achieve that stimulus 
Condition (Lockard, 1963a; 1964; 1966). 
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Part of this controversy stems, in our 
opinion, from an absence of definitive data 
on the basic preference-aversion function of 
rats for light. Two types of information are 
missing. First, what, if any, levels of light 
are preferred by rats over total darkness? 
Second, what magnitude of change in light 
intensity is necessary to produce preference 
or aversion from any given light intensity ? 
This latter function is analogous to the dif- 
ference limen or Weber ratio in psycho- 
physics, only in this instance we are asking 
how much of a change is necessary to be 
rewarding or aversive. Accordingly, the 
purpose of the present research was to de- 
termine preference-aversion thresholds and 
aversion difference limens for white light 
with both albino (Sprague-Dawley) and 
hooded (Long Evans) rats. 

This work can also be related to previous 
psychophysical analyses of electric shock 
(Campbell, 1955; Campbell & Masterson, 
1969) and white noise (Campbell, 1968) in 
which aversion thresholds and aversion dif- 
ference limens were obtained. Here it is 
of interest to compare the relative range over 
which the various kinds of stimuli are aver- 
sive and to compare the relative size (Weber 
ratios) of the aversion difference limens as 
a function of illumination. These data pro- 
vide the investigator with common reference 
information regarding the reinforcing and 
punishing effects of stimulus changes in these 


modalities. 
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was fitted by the least-squares method. For 
the higher illuminations, the 7596 and 25% 
preference points were interpolated, and the 
aversion difference limen (Al) was cal- 
culated by dividing the difference in illumi- 
nation between the 75% and 25% points in 
half. At lower illuminations, comparisons 
lower than the standard were not run be- 
cause the standard illuminations were very 
close to 0 ftc., making it impossible to choose 
comparison levels smaller than the standard 
by the same amount as those greater than 
the standard. When no 25% point was ob- 
tained, the aversion difference limen (AT) 
was taken as the difference between the il- 
luminations producing 75% and 50% pref- 
erence on the fitted function, From the 


/l, where 
were calculated. 
the left panel of 
evident that the 
veness decrease 


These ratios are shown in 


is clearly 
ratios for aversi 


Weber 
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Fic. 2. Left panel: Weber rati, 
tion level ; right panel: 


1938). 


Weber ratios 
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drastically as standard intensity increases 
and that the Weber ratios are approximately 
1 log unit larger for the hooded rats than 
for the albino rats at all illumination levels. 
For the albino rat, it appears that the wen 
ratio reaches a minimum around 11 ftc. an 
then begins to increase. This finding n 
Tesponds to the results of another rd 
ment now in progress in our laboratory ! 
Which we find that the rate at which pene 
ness of white light increases, when campal 
to the aversiveness of white noise or wc 
shock, drops off rapidly around 50 ftc. Ron 
it is not Surprising that the Weber yane 
should begin to increase at higher illumina 
tions. 

Figure 3 shows how the aversion DLs 


i t 
change over the course of the 100-min. tes 


: : nl 
Session. For the purposes of clarity, ea 
four standard levels are shown for e 
strain, 


From Fig. 3 it is evident that ae 
totic preference for the less intense ligh 


HUMAN SUBJECT 
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ir rad reached, if it is reached at all, 

[e i E 100-min. session. Quite possibly, 

E Meca sessions would have produced 
Narper preference functions. 


Discussion 


jen the most striking feature of the 
tensity pos was the failure to find any in- 
either of light that was preferred by rats of 

Strain significantly more than total dark- 


ness, E 
visual Even the hooded rat, presumably a more 
v animal, showed no absolute preference 


f 
dag Pe er the present experimental condi- 
Previous En are in contrast with some 
ard (1963, ndings, particularly those of Lock- 
Tats sh à: 1963b; 1964; 1966), who found that 
uate a preference for low levels of 
Control] it when onset and offset of light was 
erence f by two separate levers. This pref- 
sions "i light, however, decreased over ses- 
Preferens it is our view that a simple spatial 
acquisiti apparatus that does not require the 
al by ton of a complex instrumental response 
light the habituation to novelty produced by 
Onset and offset to proceed extremely rap- 
thus permitting the rats' natural aversion 
t to manifest itself in the course of a 
Perime 0-min. session. In the only other ex- 
Criteri nt using simple spatial preference as the 
hat ens rar pe Hanson (1951) also mu 
tensity, showed no preference for light of any 
adam Present study, Ss were not dark- 
Possip] Prior to testing, and therefore it is 
Even € that the aversion thresholds might be 
adapt: Ower in dark-adapted animals. Dark 
Rapa in the rat takes many hours (Dodt 
100. ite, 1961) so that even at the end of the 
b „Session, Ss were not fully adapted. 
mog, Possible to argue that previous exposure to 
about illumination levels in the home cage 
light 4 3-3 ftc.) satiated "preference ea 
Expla ut the present investigators believe this 
sation implausible in view of Lockard's 
Vari zs ,1964) finding that rearing Imirean 
nance, directly with preference for test lu 


ed that the low 


It 
ay j,Phould also be emphasiz a 
light ion thresholds do not imply that rats Anc 
ne 1 Wersive under all circumstances os thus 
b Venture into light places when they can 
to recided. Gibson (1966) points out the need 


re ^ inter- 
Sard different perceptual systems as inter 
ception with 


e : 
the ag , nd contrasts dynamic pe Eh 
Studieg vation of essentially passive recie 
1n the laboratory. hile the envi 


LOG AI IN FOOTCANDLES 


STANDARD INTENSITIES 
$---300FTC 
e—9 33FTC 
e-- JFTC 


e— FIC 


-1.0 


123 4 5 ‘es w os 
BLOCKS OF 20 MINUTES 


Fic. 3. Aversion difference limens for albino 
and hooded rats during successive 20-min. periods 
of the 100-min. session at four representative 


standard illumination levels. 


ment in the present experiment does not make 
this a study of passive receptors, neither does 
it constiute a natural situation for the animal 
in which many types of stimulation impinge 
and in which there is a great deal of informa- 
tion to be gathered from visual stimuli that can 
lead to adaptive responses. 

Comparison of the number of "just aversive 
differences" (the equivalent of the JND or DL 
in human psychophysics) for light, shock 
(Campbell & Masterson, 1969), and white noise 
( Campbell, 1968) clearly shows that the num- 
ber of "just aversive differences" (JADs) be- 
tween two levels of aversive stimulation has 
little, if anything, to do with the aversiveness 
of one stimulus compared to another. Unpub- 
lished data from our laboratory (Messing, 
1969) show that .5 ftc. is equal in aversiveness 
to .047 ma. of electric shock and 87 db. of noise, 
while at the high end of the intensity con- 
tinuum, 50 ftc. equals .097 ma. of shock and 115 
db. of noise. Between these equally aversive 
stimulus intensities (for each modality) there 
are approximately 7 JADs for shock (Camp- 
bell & Masterson, 1969), 24 JADs for noise 
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i he 
Aus Pudet md. aqnal fucumpenr io avedive 
rim inr die cumulated number of JADs id 
, equal aversion contours should be the 
iea regardless of sensory modality. Thus it 
A that the JAD cannot be used as the 
b ut aversiveness, just as the JND cannot be 
out ik the unit of stimulus magnitude in hu- 
mes cactus (Stevens, 1957). 
Similarly, it is possible to compare the Weber 
ratios for aversiveness obtained in the present 
study with the Weber ratios obtained in hu- 
man psychophysics. For this purpose the right 
panel of Fig. 2 shows a typical function for a 
single human S (Hecht, Peskin, & Patt, 1938). 
The major difference between the two functions 
is the presence of a distinct rod-cone break in 
the human function at about —.3 log trolands. 
In addition, the Weber ratios are smaller for 
humans than the aversion DLs at practically all 
illuminations. This is not surprising since one 
would not typically expect the aversion DL to 
be as small as the just-detectable difference, 
Moreover, the experimental conditions of Hecht 
et al. were much more conducive to obtaining 
smaller limens. If aversiveness could be mea- 
sured under circumstances comparable to those 
used in human research, e.g., fixed focal point, 
contrast between two illuminated concentric 
fields, prior dark adaptation, etc., it is likely 
that the aversion DL would be much smaller. 
Nevertheless, comparison of 
Suggests that both the hooded 


y all rod retina (Fuortes, 


relative sensitivity of the rods do 


appreciably beyond the point where the tod-cone 
break is typically found, More 


Over, sensitivity 
decreased sharply between 2-3 log trolands, 
and S was unable to distinguish illumination 
changes above 3 log trolands, Albino and 
hooded rats were still quite Sensitive to illumi- 
nation change at the highest illumination the 
present investigators were able to run (equiva- 
lent to approximately 2.6 trolands in the Fuortes 
paper and about 3.1 log trolands in the Hecht 
et al., 1938, paper). 

In the overview it appears tha: 
sponds to changes in illumin 
log ftc. above the rod 


es not increase 


t the rat re- 
ation at least 2.5 
-cone break in humans 
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(about —1 log ftc. or —.3 log trolands ie 
Hecht et al, 1933, paper) and therefore T 
have a degenerate photopic receptor Mus 
While this may be surprising to those who um 
the view that rats have all-rod retinas, it am 
sense from an evolutionary viewpoint rir 
1957). The early mammals undou os 
evolved from keen-sighted diurnal reptiles, bi 
while many of these animals Became nocturia 
in order to avoid extinction by reptilian pr É 
tors, it is not surprising that some vestige 
the diurnal retina may remain in the rat. 
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EFFECT OF SEMANTIC REDUNDANCY ON CHILDREN S 
IDENTIFICATION OF VERBAL CONCEPTS 


FRANCIS J. Dr VESTA? Axp GARY M. INGERSOLL 


Pennsylvania State University 


The effects of cue-oriented instructions, redundancy, and attribute saliency 


on concept identification in a verbal task were investigated. 
were defined as the three salient dimen 


Considerable evidence has accumulated in- 
dicating that concept identification is affected 
by the number of relevant and irrelevant 
cues (Archer, Bourne, & Brown, 1955; 
Bulgarella & Archer, 1962). The addition 
of irrelevant cues tends to increase the com- 
plexity of the problem with a corresponding 
increase in the difficulty of concept identifica- 
tion (Archer et al., 1955). Conversely, in- 


dundant dimen- 


evant attributes on 
performance (Bourne & Haygood, 1959; 


1961). These effects apply to children’s 
learning as well as to adults’ learning (Osler 


& Kofsky, 1965), 
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be sent to Francis 
lucational Psychol- 
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Attributes 


sions of semantic meaning. The Ss 


ve. Increased cue saliency, provided 


attributes (semantic dimensions) 
The effects of redundancy and 
cue-oriented groups. Concepts 
ists comprised of words with 
lists comprised of words with 
In addition, concept identification 
here the evaluative dimension was 


- dy, 
In the typical concept identification oe 
stimulus attributes are often cap ered 
torially and the stimulus cues are cans How- 
to be of approximately equal strength. that i 
ever, it is reasonable to liypothestze d 
the relevant attributes were of gi dif- 
strength, there would be corresponding jm- 
ferences in performance., Of particu eher’ 
portance for the present study 1S Ar (ob 
(1962) finding that when the saliency dem 
viousness) of a relevant dimension n the 
creased, performance improves; wier in- 
saliency of an irrelevant dimension nably 
creased, performance gets worse, pO at 
because S's attention is directed to chefs 
tribute. The important feature of AT some 
results for the present study is that thers, 
dimensions are more salient than oe o 
and this can be manipulated. Measut pof 
semantic meaning would provide one OP ch 
tunity for examining the effects O 
variables on concept identification. ibility 
Some recent studies indicate the feamantic 
using dimensional relations of ee (e£ 
Structure in concept formation me 66: 
Di Vesta & Walls, 1969b ; ie ser three 
Taylor & Haygood, 1968) based on th ctivi 
factors of evaluation, potency, and sii ies: 
typically extracted in factor analytic e of 
These dimensions account for the mantic 
Portion of the variance defining s , 
Space, though in diminishing amoun 


of 


360 


SEMANTIC REDUNDANCY AND CHILDREN'S VERBAL CONCEPTS 361 


Vesta & Walls, 1969b ; Osgood, Suci, & Tan- 
nenbaum, 1957), and are considered as at- 
tributes in concept learning studies. lf the 
variance accounted for by each dimension 
(attribute) reflects the degree of saliency in 
other settings, one would expect performance 
to be related to the relevant attribute. Thus, 
the evaluative dimension, typically extracted 
as the most salient dimension by factor analy- 
ses, should display comparable strength in 
à concept identification study in which 
Semantic dimensions define the salient at- 
tributes, 

Finally, semantic meanings are but a few 
of the very many different meanings or at- 
tributes that might be associated with a set 
of verbal stimuli, Accordingly, it would be 
expected that a condition in which the pos- 
Sible relevant dimensions were delineated by 
Instruction, or other device, would induce 
better performance than one in which the 
Possible alternatives were not defined. Sim- 
Ply, an S. who is not given the limiting in- 
struction has a much wider range of features 
from which he must choose the relevant 
attributes than does an S who is provided 
Such instructions. 


METHOD 


ise erimental design.—One of 
ale with 40 words in each, W es 
fone for presentation to an S in a concept ide 
rul ion task, The S's task was to determine x 
fied by which each word in the list could be ci € 
Th into a dichotomous X-not-X sg ipn 
Der Sight lists were varied according to the auni 
miko. kind of relevant semantic attributes — 
Wee. in the stimuli. The relevant attri e 
Sema defined as the three salient dimensions 2 
antic space, The selection of words was made 
norms based on the ratings by fifth-grade 
Wer en (Di Vesta & Walls, 1969b). i el 
i * further divided into two instruction, co! : 
be ue hree dimensions. is 
Dated were delineated for S prior to bis pate : 

n in the task; in the other, ie i E 


Sim : c 1 
On ply indicated that classification was perm 
" 


a series of eight 
as randomly as- 


Tom 
childr 


in a 2x 8 factorial analysis 
beet The Ss were 130 fourth, fifth, and 
Pau : ; ned, 

‘grade children. Each S was arrival E: 


randos, 

| € lo 16 treatments 

ire expérimental setting There were 2 Ss dropped 
Sti the experiment because of extreme ps w. 

teap lus materials —The relevant and irge zi i 

ter, Ures of the stimulus words were define a 

S of the three salient dimensions of seman 


space. In all, eight lists were constructed from 
normative data for fifth-grade children (Di Vesta 
& Walls, 1969a) : Three lists had one relevant fea- 
ture; in each list the stimulus words were drawn 
from the high- and low-polarization end of either 
the evaluative (E), potency (P), or activity (A) 
dimension of semantic space as defined by Osgood 
et al. (1957). Thus, e.g., the words for List A 
were selected so that their rating on the A dimen- 
sion was relevant, whereas their ratings on the E 
and P dimensions were not. A set of three more 
lists was constructed by selecting words in which 
two features were simultaneously relevant in each 
list, thereby yielding combinations of E and P 
(EP), E and A (EA), or P and A (PA) as rele- 
vant attributes. It should be noted that simul- 
tancously relevant means redundant and does not 
refer to such combinations of attributes as are 
found in conjunctive or disjunctive concepts. 
Thus, eg. ratings on both the E and P dimen- 
sions were relevant and the rating on the A di- 
mension was irrelevant for words in the EP list. 
Another list was comprised of words for which 
the ratings on all three dimensions were relevant 
(List EPA). A final control (C) list consisted of 
words in which there was no consistent relevant 
dimension, thereby paralleling the use of the 
verbal discrimination task as described by Under- 
wood (1966) and providing a base line in which 
learning-to-learn, warm-up, and discriminative pro- 
cesses were considered. 


The words were selected on the basis of factor 


scores calculated according to the procedure de- 
scribed by Glass and Maguire (1966). This pro- 
cedure is based on all scales employed in the 
factor analysis of ratings and yields factor scores 
that are orthogonal to one another (Di Vesta & 
Walls, 1969a). Factor scores of all X words were 
polarized at one end of the relevant dimension(s), 
and O (not X) words were polarized at the other 
end of the relevant dimension(s) ; the factor scores 
of X and O words did not overlap on the relevant 
dimensions, and their variances were small. The 
constraint that words be rated on the extremes for 
one or more factors and within the neutral range 
on the remaining factor(s) was impossible to im- 
pose for all lists. Accordingly, selection was 
based on the rule that factor scores of the stimu- 
lus words on irrelevant dimensions should vary 
through the entire. range of scores; thus the 
mean factor scores of words for irrelevant dimen- 
sions did not differ significantly, and their vari- 
ances were high. A complete listing of means and 
variances of factor scores on the three dimensions 
for all eight lists can be found in Table 1. 


Procedure—Each S was administered the task 
in the non-cue-oriented 


individually. Those Ss d n 
(NCO) instructional condition were provided 
standard concept identification instructions, but 


were not told the specific dimensions on which the 
stimuli were varied, other than the fact that mean- 
ing was important. Those Ss in the cuc-oriented 
(CO) instructional condition received, in addition 
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TABLE 1 
MEANS AND STANDARD DEVIATIONS or Factor 


Scores FOR X AND O Words IN ALL Lists 


Dimension 
List Evaluative Potency Activity 
M SD M SD M SD 
5 x 1.64 -31 | 3.70 | 1.32 | 4.01 95 
[9] 4.96 58 | 3.25 | 1.10 | 3.53 | 1.18 
“i x 3.27 -95 | 1.32 48 | 3.44 | 1.07 
[9] 2.74 | 1.34 | 4.84 | .59 | 3:22 1.32 
E X 2.85 | 1.60 | 3.07 | 1.32 | 1.56 32 
fe) 2.72 95 | 2.60 | 1.24 | 5:19 49 
P 
È X 1.72 -35 | 1.78 54 | 4.17 .88 
o 4.55 54 | 3.91 56 | 3.72 | 1.05 
PA 
X 3.46 | 1.74 | 1.74 447 | 2.05 37 
oO 3.10 | 1.29 | 4.21 59 | 4.48 61 
EA 
X 1.79 | .36 | 3.29 -98 | 1.82 38 
[9] 4.77 | .59 | 3.01 1.03 | 4.34 | .32 
EPA 
x 1.66 | .33 | 2.20 46 | 2.32 43 
c o 4.57 -68 | 3.67 46 | 4.07 48 
X 2.69 | 1.13 | 3.17 1.39 | 3.66 | 1.26 
o 2.59 | 1.18 | 2.85 1.20 | 3.80 | 1:04 


Note.— These faci 


neutral point does 
differential scale mi 


to the standard conce 


tor scores are no 
not ne 


t standardized. Thus the 


necessarily correspond to the semantic 
dpoint of 4.00, 


treatments. The total number of words was 
divided into four 10-trial segments. This 
analysis yielded significant effects due E 
lists, (7, 112) = 4.09, p < .01, to pepe 
tions, F (1, 112) = 23.84, p < 01, and H 
blocks of trials, F (3, 336) = 3.87, p <. 3 
None of the interactions was L oos 
though the Instructions x Trials <a 
yielded F (3, 336) = 248, p < .10. n 
mean number of correct responses was E 
rectly related to the number of relevant e 
tributes within the list. Significantly Ee 
Correct responses were made under CO th E 
under NCO instructions. The relevant di 
for this analysis are presented graphically a 
Fig. 1 with additional data to permit com 
parison with that presented in Fig. 2. ie 
Tests of simple effects were perform 

using Dunn's technique, which cos 
values for each comparison examined (1 3 5 
1968), in order to determine the exten d 
Which the specific hypotheses were moe 
ported. Although the means for a 
lists occurred in the order predicted, bs 
difference between lists with one and 


a description of the thi 


c » After § responded, E 
informed him of the correct response. This pro- 
cedure was followed for thre 


- e complete presenta. 
tions of the list. The complete experiment took 
approximately 20 min, 


REsurTS 


The data for the first 
list were analyzed by 
variance in which the ei 
onally crossed with t 


Presentation of the 
a mixed analysis of 
ght lists were orthog- 
he two instructional 


4 
I 2 3 
BLOCKS OF IO TRIALS t 
sconce? 
Fic. 1. Mean number of errors tion 
identification as functions of cue orienta L) 


and NCO) and the number of relevant (R 
attributes, 


^ 


—: 
3 ——%€0-2 REL 


Ew aw 


CO-3REL 
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se s nt dimensions in the CO conditions 
pee significant, d = 1.61, p > .05. How- 
Bwesn e were significant differences be- 
Fin Eu means for lists with one and 
OL aus E dimensions, d=5.10, p< 
dimensi or lists with two or three redundant 
mist oF € d = 3.98, p < 01. A compari- 
the Pell cg for Ss learning lists in which 
lists in m dimension was relevant and 
92 n r^g it was irrelevant yielded d = 
Schetfé’s Ol. A post hoc comparison, via 
Which a test, of performance on lists in 
With emp ad was the relevant dimension 
$258 "3 in which it was irrelevant yielded 
ple effect b < 0l. Parallel analyses of sim- 
Yield si s in the NCO treatments did not 
ieee results. All experimental 
more was s produced significantly (P < .001) 

M Trect responses than the control. 
more ie DUREE groups not only made 
group Orrect responses than did the control 
Perfor; on the first presentation, but their 
Prove, oo on subsequent presentations im- 
grou more rapidly than that of the control 
See can be seen in Fig. 2. However, 
rou EL of the performance curve for 
Ver p EP A-CO indicates little improvement 
idey E esentations, primarily because they 
ha the concept so rapidly. 
hup fai of variance for data suji 
Was for all three presentations 1n Fig. 2 
ased on dividing each series into 20- 


tri 

he, blocks. The results were essentially 
ata Tus as those based on the analysis of 
s 1 Om the first presentation of the list. 

ing, Pothesized, the effect due to kind of 
sg ton was significant, F 1, 112) = 

two 2 P < 001. With the exception of p^ 


Si Ontrol groups, overall performance 
Co ^ All groups was facilitated more by the 
ee by the NCO instructions. The 

due to trials yielded F (1, 112) = 248, 


b rg i 
Site The Kind of Instruction X Trials 
1g. «tion yielded F (1, 112) 2280, p< 

ctions inter- 


: the Li zi 
actio, ists x Kind of Instru 
XO Was not significant, F (7, 112) = 1.89, 
analys; y comparing the results of this 
“an Ysis with those of the first analysis, it 
Variaby seen that the major effects of the 
the Ha Occur in the initial presentation of 
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ES 


MEAN NUMBER OF ERRORS 


PRESENTATION 


Fic. 2. Mean number of errors in concept 
identification over three complete presentations of 
the 40-word list as functions of cue orientation and 
the number of relevant (REL) attributes. 


In order to determine the extent to which 
the specific hypotheses were supported over 
all presentations of the list, tests of simple 
effects were performed using Dunn's tech- 
nique. This analysis again yielded similar 
results to those reported for the analysis of 
the data for the first presentation. The 
means for lists with one or two redundant 
features occurred in the order predicted. 
However, the difference was not significant, 
d — 2.13, whereas d (.05) = 2.54. Signifi- 
cantly more correct responses were made by 
Ss learning the list with three redundant 
dimensions than were made by Ss learning 
the lists with either one, d=7.00, p < .01, 
or two, d = 548, p < .01, redundant dimen- 
sions. The trend in performance was clearly 
related to the number of redundant dimen- 
sions: the greatest number of correct re- 
sponses Was evoked by Ss employing the 
list with three relevant attributes; fewer cor- 
rect responses were made by Ss employing 
the lists with two relevant attributes; and 
the least number of correct responses was 
made by Ss employing the list with only one 
attribute. Within the level of one redundant 
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feature, more errors were made in the com- 
bined results from Lists P and A compared 
to the results from List E, d = 6.06, p < 
01; with two redundant attributes, more 
errors were made with List PA compared 
to the combined results of Lists EP and 
EA, d = 292, p < 05. In addition, those 
three lists containing the A dimension (Lists 
EA, PA, and A) elicited fewer errors than 
those not containing the A dimension. This 
difference was significant via Scheffé's test, 
$—470, p « Ol. These results clearly 
reflect the differential effects of the kind of 
attributes and the saliency of the evaluative 
dimension as well as the effects of the num- 
ber of redundant attributes. Similar analy- 
ses of data for the NCO treatments yielded 
no significant differences related to the num- 
ber of redundant dimensions. Finally, Ss 
in the control groups produced significantly 
more errors than did those Ss in all other 
treatments combined, d — 6,57, p<.01. 


Discussion 


performance is assumed 
to reflect the degree of recall of the specific 


+ Thus on the initial 


Compared to 
group, the performance of a 


facilitated on all blocks of trials. 
ment in performance during the fir 
tion was considered to be due to the acquisitio 
of the concept since all stimuli were unique n 
this phase. The abstraction of th Eug 


A S e correct di- 
mensional attribute(s) was the only basis E 


" groups was 
The incre- 
St presenta- 
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which the performance of any experimental 
group could exceed that of the control group. 
This is not to suggest that all improvement 
beyond the first 40-trial block is rote learning. 
In the more difficult conditions (especially CO-1 
and NCO), Ss may not be acquiring the con- 
cept until late in the first 40 trials. Accord- 
ingly, its advantage does not become apparent 
until the later presentation. 

On the basis of the previous rationale, it was 
reasoned that the NCO groups acquired some 
basis for identifying the concept relative to the 
control group, but it was not sufficiently cleat 
to identify all concept instances. There was 
some evidence that Ss in these groups may 
have employed an attribute other than the one 
defined by E, but which simultaneously resulte 
in their being correct more often than by 
chance, Specifically, the activity dimension 15 
such that words selected according to degree ° 
activity are often exemplars of animate an 
inanimate objects. Accordingly, Ss’ attention 
to the activity dimension was preempted by 
what may be the more salient animate-inanimaté 
classification, Though these two dimensions 
are related, they are not perfectly correlated 
errors were made by these Ss, and redundancy 
failed to improve their performance. In the 
CO conditions, the range of possible attributes 
that needed to be considered by Ss was limite¢- 
The result was a reduction in the complexity 
of the concept with a corresponding improve” 
ment in their performance, 

The major concern in the present study, how- 
ever, was the effect on concept complexity s 
it is affected by manipulations of the number ° 
relevant dimensions. When relevant redut 
dancy was introduced, it aided performance, 2 
in the Bourne and Haygood (1959) study. 
This is especially true in the groups orien En 
to fhe cues of important attributes where, į 
effect, the number of attributes from which | 
were to make their selection when identifyine 
the concept was clearly delimited, Thus whe 


one dimension was relevant, S's task was 


determine which attribute was relevant, Ho 
to determine whether positive or negativ 
Polarization was associated with the X OF le 
Categories, and, finally, to determine the pew 
for combining attributes. Where three Ron 
butes were relevant, the initial process is cn 
nated. This observation also indicates that 

difficulty with the present design is that 

number of irrelevant dimensions is being. 
creased as the number of redundant dimensio 
is increased, However, such confounding E^ 
never be eliminated completely since it may 
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difficult to specity exactly which dimensions are 
Present for a given S. 

_ Similar effects were not particularly apparent 
in the NCO groups presumably because the 
complexity of the task was such that it over- 
rode the effect of redundancy. Since Ss in all 

O conditions performed very much alike, 
the evidence strongly suggests that concepts 
may have been formed mainly on the polariza- 
tion of words as an attribute rather than on 
the more Specific dimensional relationships 
among words. 

Finally, the effect of dimensional attributes 
9f verbal materials on concept complexity was 
further corroborated in this study. The hy- 
Pothesis that concepts based on the evaluative 
dimension would be learned more easily than 
those based on either the potency or activity 
‘mension was supported. These results reflect 
the Saliency of the evaluative dimension. In 
joer analyses of ratings of words obtained 
E both children (Di Vesta & Walls, 1969a) 
a. Adults (Gerow & Pollio, 1965; Osgood et 
em 1957), the evaluative factor typically 
ive oes às the most dominant one. The rela- 
ug Saliency of the activity and potency dimen- 
Seni Írom the studies on which the atore- 
that toned finding emerged, is less clear, except 
ime either is as dominant as the evaluative 


Tension B in the ent 
r a ed in the pres' 
results. a finding also reflect 
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EYE TRACKING OF SELF-MOVED TARGETS: 
THE ROLE OF EFFERENCE? 


MARTIN J. STEINBACH ? 


York University 


Simultaneous monitoring of eye and hand positions shows that an S$ 
visually track a target more accurately if moved by him rather than i 


moved independently of his control 
has access to the efference 
In tracking, most of the useful inf 


How can an organism distinguish sensory 
input resulting from its own movements 
from sensory events that occur independently 
of its movements? Both Holst (1954; Holst 
& Mittelstaedt, 1950) and, independently, 
Sperry (1950) suggested that the organism 
must take into account the movement-pro- 
duced sensory change (reafference) by com- 
paring it to a secondary 
(“efferenzkopie” or 
that was issued along w 
that produced the movement. 
parison, then, 
of whether t 


; and he specu- 
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, indicating that the oculomotor system 
(outflow) that produces the target movements. 
ormation in the efferent signal appears 
d with the self-moved target's absolute 
The S was able to track smoothly an 
ch of itself gave no information about 


may be found in the frontal lobes (Teuber 
1964). 

The reality of a monitored or seconde T 
efference has been suggested by the kt 
of several contemporary investigations. sit 
and his colleagues (e.g, Held & F reeda 
1963; Held & Hein, 1958) have shown uts 
full adaptation to rearranged visual vat 
(as when displacing prisms are worn hav- 
the eyes) depends to a great extent on his 
ing S move himself actively through ive 
environment. If S's movements are pation 
ie., not self-produced, little or no pap um 
occurs. Held argued that an intact A 
motor feedback loop, one complete , ut, 
motor outflow and subsequentes visual n 
is necessary for the adaptive process; on- 
cause there is no outflow in the passive C ta- 
dition, the process is restricted and adap 
tion is minimal. 

More recently, Steinbach and Held (1968) 
showed that the oculomotor system the 
use outflow information issued to move ke 
arm. In their experiment, S visually tranne 
^ target mounted on his fingertip- eye 
tracking performance was better—the " E 
lagged behind the target less and arg? 
fewer corrective saccades—when the i own 
motion was self-produced (S moved his and 
arm) than when he relaxed his arm net: 
allowed E to move it in a similar i eld 

In the experiment of Steinbach am. have 
(1968), the tracking performance coul ditio? 
been better in the active movement con tici" 
because the oculomotor system could an 
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pate either the future positions of the target 
Or its motions. Which information was 
being supplied in the outflow? The ex- 
periments to be reported here confirm and 
extend the earlier findings and indicate that 
motion, and more specifically, velocity and 
acceleration components are the relevant in- 
formational sources carried in the monitored 
efferent signal. 


EXPERIMENT I 


Experiment I is a replication of Steinbach 
= Held (1968) under conditions where 
m target to be tracked is a projected spot, 
x ner than a spot on S’s fingertip. The 
ĉason for replication is to develop an ap- 
Pratis that will enable manipulation of the 
“evant parameters of both hand and target 
Position and movements. The apparatus is 


© same one used in all subsequent experi- 
ments, 


Method 


apt baratus.—The S was seated in front of an 
eye atus that allowed simultaneous registration of 

and hand position as well as the projection of 
^ facilloscope spot that served as the target to 
l acked. The S's right arm rested on a flat 


e T 
kl Plvoted near the elbow. Movement of the 
visual S restricted by soft rubber stops to 10 (in 


Plane angle) to the right and left of S’s median 
ya Cgistration of arm position was provided 
lookeg g tentiometer geared to the pivot. The S 
Rrounq down into a box containing a mirror and a 
tion “glass screen. His head was held in posi- 
dental"; having him bite into a bar bearing a Wax 
the z, ""Dression. The bite bar was attached to 
Used TOnt of the box, as were the photoresistors 
quently) measuring eye position (described subse- 


tosina Voltage that was used in monitoring hand 
Eround, was also fed to the oscilloscope behind the 
Jécteq "Blass screen, The scope trace was pro- 
Dlacer OM the screen so that the horizontal dis- 
those „ents of the target spot were equivalent to 
arran 9i the hand. The mirror and screen were 
fori ae SO that the virtual image of the spot 
ip of ended closely to the actual position of the 
the ope’ middle finger of S’s right hand. Thus, 
the ‘Sey distance of the spot was the same as 
Media, "al distance of S’s fingertip (when in the 
305 en Plane) from the cornea of the right eye, 
nateg > The screen was kept very dimly illumi- 
i "n that the projected scope trace, subtending 
y Vieweg ele of 4°, would be clearly visible. The 
try Ve the target binocularly. | 

"ie position was monitored using a photoelec- 
nique. This method, described in detail by 


Stark, Vossius, and Young (1962), uses a pair of 
photoresistors (Texas Instruments, LS-400) to 
measure the amount of diffuse infrared light re- 
flected from the iris-scleral junction. For the ex- 
periments reported here, it was accurate to 4° of 
horizontal displacement of the eye and was ap- 
proximately linear over a range of 20°. Only the 
horizontal movements of the right eye were re- 
corded. 

Arm (target) position and eye position were re- 
corded simultaneously on two channels of a San- 
born recorder, operating at a paper speed of 100 
mm/sec. 

Procedure.—For the active condition, S was in- 
structed to fixate and follow the moving spot as 
best he could while rapidly moving his hand back 
and forth at an irregular rate of approximately 
3-4 reversals of direction per second within the 
20? travel range of the lever. In the passive con- 
dition, S' relaxed his arm and allowed E to move 
the lever through a pattern of displacements simi- 
lar to the one S used in the active condition. The 
S was again instructed to look at the target at all 
times. In this and subsequent experiments, ap- 
proximately 10-15 sec. of recording constituted a 
trial. The conditions were generally presented in 
a permuted order and several replications for any 
condition were usually taken within one session. 
No order effects were observed in the results of 
any of the experiments reported here. 

Subjects.—Six male and two female employees 
and students at M.LT. served as volunteer Ss. 
The visual acuity of all Ss in this and subsequent 
experiments was sufficient to perform the task 
without corrective lenses, and, although not for- 
mally tested, none had any noticeable degree of 
strabismus. 


Results 


Figure 1 shows a portion of one S’s track- 
ing records for the active and passive condi- 
tions. The hand record is on the top in 
each pair of records and maximum peak-to- 
trough travel represents 20?. In the active 
condition the eye is following the hand quite 
closely, with a very small latency and few 
saccades. The contrast with the perform- 
ance in the passive condition is quite ap- 
parent. The passive record is marked by 
saccades and an increased latency between 
the eye and hand as compared to that found 
in the active condition. 

Figure 1 is nearly identical to the one 
presented by Steinbach and Held (1968), 
There is, in fact, no way of distinguishing 
records taken under the active condition in 
the present experiment, where the target was 
a projected scope trace, from the records 
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LATENCY BETWEEN EYE ANO HAND (ACTIVE TRACKING CONDITION) 


. ne 
Fic. 2. Frequency histogram of latency between eye and hand for the active tracking 
condition. (Data for individuals surround the cumulative histogram.) 


Subjects and procedures.—Five male employees 
and students at M.I.T. were Ss. They were in- 
structed to track as smoothly as possible the tar- 
get spot which moved with their arms, but which 
would only appear for a brief (10-msec.) period 
five times per second. Each S was tested under 
three conditions: active, passive, and “target-only.” 
For the active and passive conditions, the instruc- 
tions were the same as those for Exp. I, For the 
target-only condition, S removed his arm from the 
flat lever and had no contact with the apparatus. 
The E moved the lever (and thus the target) in 
the same fashion under both the passive condition 
(when S's arm rested on the lever) and in the 


target-only condition (when S's arm was removed 
from the lever). 


Results 


The results for all five Ss were clear and 
quite similar to each other. A sample record 
for one S is given in Fig. 3. Looking at 
the bottom record first, for the target-only 
condition, we see that minimal tracking oc- 
curs. There are some smooth movements 
of the eye, but they are only weakly cor- 
related with the target and occur only for 


a m 
low rates of movement. When this 15 P a 
pared to the passive record in the MC’. 
vast improvement can be seen. he ba? 
ing is smooth and closely matches t he P 
movements. There is, however, in th cac 
Sive record, an increased number of a d 
and a slight lag of the eye behind pn top: 
when compared to the active record, a5 
For the active condition, the tracking | hen 
as accurate and smooth as in the casê © ind 
the target was present continuously 
moved by S. et-onl 
For all Ss the tracking in the targ ith of 
condition was a series of saccades W 


pic 
without some smooth portions, all s of th? 
bore little relation to the movemen” of" 


wit 

target. The perceptual experience pens SS 
related with the tracking performan of 
reported seeing a spot flashing O" " paret 
in different positions, but having no 2T y 5 
motion. When the spot was een , the 
or related to his passively moved = ge 
perception was that of a moving ta 
pearing briefly at fixed intervals. 


n° 
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The active/passive differences found in corrective saccades. This is evident from 
all of the earlier experiments on tracking are inspection of Table 2. 
still maintained when the target is presented 
stroboscopically. The tracking in the active Cup 
condition is more precise and requires few Experiment III demonstrates that the peule- 
saccades to maintain alignment of eye with motor system does receive an internal motion 
target: j Sern oe een AE signal that will enable it to make smooth eye 
get; in the passive condition, there is a movements and follow accurately an intermit- 
lag of the eye behind the hand (and there- tently appearing target. The tracking perform- 
fore the target) and an increased number of ance in the active condition of a target that of 
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Eye and hand movement records for active, passive, and "target-only" conditions. (In all three 
conditions, S tracked an intermittently appearing target, on 10 msec. every 200 msec.) 
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TABLE 2 


NUMBERS OF SACCADES OCCURRING IN 10 SEC. OF 
TRACKING (TARGET PRESENTED INTER- 
MITTENTLY FOR 10 MSEC. EVERY 200 MSEC.) 


"vel 

E ac uale 
6 12 
TR 25 32 
WR 16 31 
SM 12 18 
MG 8 15 

Average 13.4 21.6 


itself provides only meagre retinal information 
about its movements was clear and unequivocal : 
the performance, in fact, gave no indication 
that the target was at all degraded. The track- 
ing performance in the passive condition, de- 
spite the absence of any outflow, proved to be 
unexpectedly good (although still poorer when 
compared to the active condition). Evidently 
there is enough information from inflow or 
proprioceptive sources to provide the oculo- 


motor system with a smooth signal to release 
the pursuit movements. 


EXPERIMENT TV 


Does the velocity 
mation receiv. 


unanswered in the cas 
continuously present. 
undertaken in an atte 
two possible sources 


as generated by 
but which had 
otion a constant 


S 
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sine wave whose frequency was much less 
than the frequency of the movements of the 
hand. This type of manipulation provides : 
target whose turn-around points correspon 
almost precisely with the turn-around points 
of the arm (that is, target and arm move- 
ments have the same phase), but "ii 
velocity is either greater or less than that 0 
the hand, depending on whether the ca 
imposed sine wave is adding to or i 
tracting from the instantaneous velocity © 
the hand. This is made clearer in Fig. 4 
showing a sine wave (S) of .5 ars 
and approximately one-third the ae z 
of the full sweep of the hand motion. "ls 
target trace (T) results from the instantane 
ous addition of the hand (H) and sine 
voltages. When the hand movement p 
sine wave are in the same direction, pe 
voltages add and the resulting target ic 
has a steeper slope at the inflection eer 
than the hand trace, corresponding to 2 asi 
moving faster than the hand; when the po 
and hand voltages are of opposite sig”, ad 
slope of the target trace is less than the » n 
trace, indicating that the hand is ep 
faster than the target. The addition of ed 
sine, however, has not significantly chang 
the turn-around points of arm and target. of 
This situation should allow for a er 
Whether the eye follows the target OT à 
hand. If the former, then the velocity ?! 
acceleration information would seem tO 
given by the target motion itself, and not Me 
some internally available source. If, H a 
ever, the eye can be shown to follow t 


a Lū 


Fic. 4. 


Sinusoid x i — 
target (T ae cycles/sec Superimposed onto hand signal (H) yielding 


) whose velocity is Sreater or less than that of the hand. 
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HAND 


EYE 


-0.5 SEC —4 
Fic, 5, 
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Portion of a record of target, hand, and eye-movement tracings showing positive saccades 


rapi H * * 
sani flicks of the eye in the direction of the smooth eye movement) when target velocity is greater 
"and velocity, and negative saccades (flicks in the direction opposite to the smooth eye movement) 


When the h 


pd e be influenced. somehow by its ve- 
then Ra nen the hand is voluntarily moved, 
Oculomo, would have strong evidence for the 
inform Otor system's capacity to use efferent 

ation about velocity and acceleration. 


Methog 


one A iable speed, sinusoidally oscillating potenti- 
for ihe S added to the apparatus. _ This allowed 
top of quaPerimposition of a sinusoidal signal on 
9n the he voltage corresponding to hand position 
adjus «d willescope trace. The potentiometer was 
Was ap so that the amplitude of the added signal 
Move, Out one-third the full amplitude of the hand 
ment, 
For t experiment was conducted over two sessions. 
Students first session, four male employees and 
the ur Were Ss, They were instructed to follow 
Movin Set spot as accurately as they could while 
24 = it back and forth irregularly at a rate of 
Potenti *rsals per second. For all Ss the oscillating 
the gloMeter was set at .25 cycles/sec. Two of 


© Ss : A 
Soiq -Were also tested with a superimposed sinu- 
Sessi Cycles/sec. All the records from this 
Movem Were only for the active or self-produced 

In ent condition. 
fro, Second recording session, five Ss (three 


Student irst session as well as one additional male 
useqg, 8nd one female employee of M.I.T.) were 
n this session, data were collected for 
Sine - T Well as active conditions of target mo- 
d o ris Ss were tested with a superimposed 
P der un 5 and again at .50 cycles/sec, in permuted 
nder active and passive conditions. 
esulty 


Fi 
u : 
fror Sure 5 shows a sample record obtained 
€ 5 in the active condition where the 


and velocity is greater than the target velocity. 


superimposed signal was .5 cycles/sec. The 
eye movement record shows several saccades 
which normally occur when the target motion 
is too fast for the pursuit system, and in- 
creasing positional errors necessitates the 
use of corrective saccades to reposition the 
target image on to the fovea. The unusual 
feature of the records, however, is the pres- 
ence of saccades which flick the eye in a 
direction opposite to that in which it was 
moving just prior to and after the saccade. 
Saccades of this type do occur in normal 
tracking, but not with the frequency found 
in these records. Further, these "negative" 
saccades seem to be occurring whenever the 
hand is moving faster than the target. The 
"positive" saccades, which move the eye in 
the same direction as the smooth movement 
prior and after the saccade, seem to occur 
whenever the target is moving faster than 
the hand. 

The frequency and direction of the sac- 
cades occurring at or near the inflection 
point of the eye-movement record were com- 
pared with the difference between hand and 
target velocities. Use of the data from the 
inflection points insured that a more accurate 
estimation of the hand and target velocities 
would be obtained. The cumulative data (a 
total of 133 points) for the four Ss of the 
first session (active condition) are presented 
in Fig. 6 by the filled circles. Figure 6 
confirms the impression given by the in- 
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SEARCHING FOR WORDS IN LETTER SETS 
OF VARYING SIZE' 
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The S's task was to list all the 4-letter words he could make up from a set 


of 5-10 different letters. 


more slowly as S exhausted his store of words. 


Responses occurred rapidly at first and then 


When S had more letters 


to work with, he could generate a greater total number of words, but took 


longer to produce any given fraction of them. 


Thus with 5 letters, S 


found 8096 of his limit of 8 words in less than 5 min., whereas with 10 letters, 


S took more than 15 min. to find 80% of his limit of 43 words. 


The results 


were analyzed in terms of a model that compared the retrieval of information 


from memory to a search process. 

A 1 . 
masc uation often arises in which a person 
tion rom €ve a particular item of informa- 
tives, a among a large number of alterna- 
nda ies Visual search task, e.g S must 
Contain i Sot located somewhere on a display 
larly 8 Various symbols or forms. Simi- 
hay, o" the case of verbal recall, S may 
in his : Search through many words stored 
tar mory in order to find a particular 
USfield , Consider an experiment by 
theip c. ^ 4nd Sedgewick (1944), who asked 
M TS to list words containing the letters 
Sory a hese instructions defined a cate- 
fixeq a target words and presumably also 
Searc ead population of items that 5 
be wed fim ough. The S undoubtedly ex- 
ar y words that turned out not to 
of the StS: words with some, but not all, 


"er ved that roduced 
Tan; respo were p 
ap dl ponses 


ly a I 
Norq. 5 5 exhausted his supply of target 
Ondi "ls characteristic course of re- 


d . . 
ution Suggested that the cumulative dis- 
9! responses could be described by 


Que. 
niy è s for reprints should be sent to Ira T. 
Versity Partment of Ophthalmology, New York 

edic ol of Medicine, New York Uni- 
^ New ical Center, 550 First Avenue, New 
" York 10016, 
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an exponential function of the form 
F-T(-—e?), [1] 


where F is the number of words listed by 
time f and p is a constant that determines 
the rate at which the curve rises relative to 
its asymptote T. The larger p is, the more 
rapidly the cumulative response curve ap- 
proaches its limiting value. 

The analogy between visual search and the 
retrieval of information from memory can 
be formalized in a simple model that com- 
pares verbal recall to a search process. Sup- 
pose that S searches through a set of N items 
of which T are targets. On every trial, S 
examines one item selected at random. As- 
sume that all items remain in the set aiter 
they are examined, so there are always N 
items in the set. If F is the number of 
targets that have already been found, then 
the probability that S will find a new target 
on any single trial is (T — F)/N. Thus 
the rate at which S finds targets is equal to 
R(T — F)/N, where k is S’s scanning rate 
in trials or items per unit time. This state- 
ment can be written in differential notation as 


^ = Ar =p) [2] 
Equation 1 is obtained by substituting 
k 
P=N L5] 


and integrating Equation 2. The parameter 
p, therefore, is the probability per unit time, 


378 


ie. the probability density of choosing t 
particular one of the N items. It is assume: 
for simplicity that all N items have the sme 
chance of being selected. The effect of vari- 
ation in probability for different items has 
been discussed elsewhere (Kaplan & Car- 
9). 
ua poe study used this search model 
to describe S's behavior in a task that re- 
quired him to list all the four-letter words 
he could find in a set of 5-10 different letters. 
The parameters p and T were estimated by 
fitting Equation 1 to the cumulative response 
curves obtained for each number of letters. 
Since S always searches for four-letter 
words, his scanning rate k should be con- 
stant. Consequently, p should vary inversely 
with N, the number of items that S searches 
through. A reasonable hypothesis is that N 
is equal to the number of four-letter permu- 
tations that can be made from the stimulus 


letters. This quantity can be calculated from 
the formula 


L! 
=T- [4] 


where L is the number of letters that S has 
to work with. Combining Equations 3 and 4 
leads to the prediction that p will decrease 


as L increases and that each additional letter 
will produce 


ment in p. 
signed to te 


N 


METHOD 


Subjects—The Ss were 48 students of psychol- 
ogy at Hofstra University, 


Stimuli —A set of 5-10 capital letters was hand- 
printed at the top of 144 sheets of 8 X 123 in. lined 
paper. he various sets 
different 10-letter sets: 

» (c) TEDIRMLE 
The 5-letter E : 
each 10-letter 
RADIL, 


Way, with the letters al 

order. hus there w 

d and each one w; 
rocedure—The S" task was to li 

e st all the 4- 

puer English words he could make up tix lie 

etters at the top of a sheet, He was instructed 
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not to use any letter more than once in the same 
word and not to list any proper nouns or foreign 
words. The Ss were tested in two groups of 24, 
which were matched for their ability to generate 
4-letter words from a set of 8 letters. One group 
received the 5-, 6-, and 7-letter conditions, and the 
other was given the 8-, 9-, and 10-letter conditions. 
Each S was tested on three letter sets. Each of 
these three sets contained a different number of 
letters, and each was based on a different 10-letter 
set, so that hardly any solution words were com- 
mon to more than one of the three sets received by 
a given S. 

The Ss received their three test sheets face 
down and turned to the first page at a signal from 
E. In order to mark time on the sheets, Ss drew 
a line under their last response when E said, 
"Now." This signal was given at 30 sec., 1 min., 
and every 1-min. interval thereafter. A total dura- 
tion of 20 min. was allowed for the 5-, 6-, and 7- 
letter conditions and 30 min. for the 8-, 9. 
and 10-letter conditions. There was a S-min. 
rest period between conditions. A 2-min. practice 


session in which S listed makes of automobiles 
preceded the experiment proper. 


RESULTS 


Increasing the number of stimulus letters 
had two effects on the production of four- 
letter words: (a) It increased the total num- 
ber of words that S produced; and (b) it 
decreased the rate at which S produced any 
given proportion of the total number of 
words. The cumulative frequency of words 
produced as a function of time is shown in 


nt represents the average 
. All the frequency distribu- 
Y at first and then more 


austs his supply of available 
words. The curves drawn through the dis- 


tributions are exponential functions of the 
form of Equation 1, T values were 
obtained by visually estimating the asymp- 


totes of the cumulative frequency distribu- 
tions. The magnitude of 


drawing a straight line 
plot of log (T — F) 
slope of this line is equal to =b. 

The distributions are clearly ordered with 
respect to the total number of words pro- 
duced. At 20 min. the 5-, 6-, and 7-letter 
curves are almost horizontal and have nearly 
reached their estimated T values of 8.0, 14.0, 
and 20.5 words, where T represents the total 
number of words S could produce given un- 
limited time. At 30 min. the 8-, 9-, and 
10-letter curves are still rising slowly toward 
their estimated T values of 28.4, 34.8, and 


against time #. The 
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Number of words 


o 10 20 30 
Time (minutes) 


Fic. l. Cumulative frequency of 4-letter words as a function of time for sets of 5-10 
letters. (Each distribution is the average of data from 24 Ss.) 


43.0 words. The increase in T as a func- is reflected in the decreasing magnitu 
tion of number of stimulus letters was linear the probability density p. The p value 
and averaged 7.0 words/letter. 5-10 letters, respectively, were .487, 

There appears to be a consistent decline .216, .138, .115, and .092 per minute. 
in the rate at which each distribution ap- general, each additional stimulus letter 
Proached its limit. With 5 stimulus letters, duced a progressively smaller decreme 
the curve rises steeply during the first 5 min. p, as shown by the filled circles in Fig. | 


and then levels off. In the 10-letter condi- 

tion, on the other hand, the curve is still Discussion 
rising steadily even after 30 min. The pro- 
gressive decline in relative rate of approach 


The probability density p of finding 4-1 
words decreased as the number of stimulu: 


P (per minute) A 


9 10 


o 7 
5 $ Number of letters 
Fic. 2, Probability density p as a function of number of stimulus letters. (The filled circles re 
Sent $ values estimated directly from the cumulative distributions of response times. The open cit 


are values calculated from the formula p= 4.01/T.) 
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ters increased, and the decrement in f produced 
by each additional letter grew progressively 
smaller. Qualitatively, this result agrees with 
the prediction based on the hypothesis that pis 
inversely proportional to the number oi 4-letter 
permutations that can be made from the stimu- 
lus letters. (uantitatively, however, the pre- 
diction is inadequate: the observed decrease in 
p is much less than the hypothesis requires. 
The magnitude of p for the 5-letter condition 
(.487) is 5.3 times as large as p for the 10- 
letter condition (.092). In contrast, the num- 
ber of 4-letter permutations for the 10-letter 
condition (10 Xx 9 X 8 X 7 = 5040) is 42 times 
as large as that for the 5-letter condition (5 X 
4x3X%2=120). Therefore, the hypothesis 
that S found words by searching randomly 
through all possible 4-letter permutations of the 
stimulus letters must be rejected. 

In order to modify the original hypothesis, it 
is proposed that S can exclude many 4-letter 
permutations from the category of potential 
words without explicitly examining them. Sev- 
eral studies have shown that in solving ana- 
grams, S does not just rearrange their letters 
randomly, but instead uses his knowledge of 
word structure to form those permutations that 
are most likely to be English words (Kaplan 
& Carvellas, 1968; Mayzner & Tresselt, 1962; 
Ronning, 1965). In the present experiment, S 
might not consider any permutation that con- 
sists only of consonants. A more comprehen- 
sive but less well-defined rule might exclude 
all unpronounceable letter sequences. Since 
the "rules" by which S generates his potential 
solutions are not known, it cannot be predicted 
how N varies as a function of the number of 
stimulus letters. However, an hypothesis that 
establishes a relationship between p and T can 
be proposed. 

In every condition of the present experiment, 
regardless of the number of stimulus letters, 
S’s task is the same: to form 4-letter words. 
When S has more letters to work with, he pro- 
duces more target words, but he also must 
examine more nontarget items. Since the same 
rules generate both target and nontarget items, 
the ratio of targets T to total number of items 
N should remain constant. .\ssume, therefore, 
that both k, the rate at which S forms and 
tests items, and T/N, the proportion of items 
that are words, are invariant. Then substitu- 
tion in Equation 3 yields p= C/T, where C is 
a constant. If this hypothesis is correct, then 
the product PT — C should be approximately 
the same for each number of stimulus letters. 
Using the results obtained for 5-10 letters, re- 
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spectively, the product of p and T is found to 
be 3.90, 3.85, 4.43, 3.92, 4.00, and 3.96, which 
gives a mean value for C of 4.01. Thus the 
assertion that p is inversely proportional to T 
describes the results quite well. This fact is 
illustrated in Fig. 2, which shows the close 
agreement between the p values estimated di- 
rectly from the data and the p values calculated 
irom the formula p = 4.01/T, where T was es- 
timated irom the data. 

When S performs different tasks, k and T/N 
are likely to vary. There is, however, a con- 
nection between T and N that tends to main- 
tain the inverse relation between p and T. The 
targets are a subset of the set of all items, so 
that an increase in T produces an increase in 
N, which in turn causes a decrease in p. Thus 
even when S recalls words from different cate- 
gories, a negative correlation between p and 
T may be expected. Bousfield and Sedgewick 
(1944) collected data on 14 different verbal 
recall tasks, e.g., naming birds, automobiles, 
words containing the letters M, T, D, etc. They 
reported p and T values (which they labeled m 
and c) for five categories. The p and T values 
ior the other nine categories were estimated 
from their latency distributions. The rank 
order correlation between p and T for all 14 
categories was —.64. In the present experi- 
ment where S's task was always the same, the 
rank order correlation between p and T was 
—1.0. In terms of behavior, this correlation 
means that when S can recall more words, he 
takes longer to produce any given fraction of 
them. In terms of the search model, it means 
that when there are more targets, there are also 
more items to examine, so it takes longer to 
scan any given fraction of the display. 
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Texas Christian University 


A word list was read to the same 176 college students under two sets of 
instructions: "Give the first word that you think of," followed by "Give 


the word that most people give." 


The shift to popular set did not appear 


related to Ss' idiodynamic sets which produced predictable influences on set- 


compatible words under the first 


regarding idiodynamic 
associations. 


instructional set. 
sets are presented 
Little generality appeared between associations obtained in 


Additional data 


with regard to continuous 


the single-word and continuous-word association tasks. 


The existence of personal word association 
response tendencies or what Moran (1966) 
has termed “idiodynamic sets" has been em- 
pirically established as a reliable phenome- 
non. Other investigators have demonstrated 
that word associations under instructions to 
give the culturally popular response (popu- 
lars) tend to move in the direction so in- 
structed, i.e., higher commonality (Horton, 
Marlowe, & Crowne, 1963; Jenkins, 1959). 
In an earlier study (Neman, 1968), children 
Were given popular-set word. association 
(PSWA) instructions; those with response 
Sets and who increased commonality scores 
achieved only 1396 of their increases on set- 
incompatible words. One aim of the pres- 
ent study was to determine if adults could 
increase commonality on both types of words 
rather than just those which were set- 
compatible. 

Previously, Moran (1966) observed that 
association sets facilitated or interfered with 
Tesponses to respective stimulus words 
Strongly compatible or incompatible with Ss 
Sets, Although four different sets have been 
identified, the described effects have been 
Noted for only the object-referent (OR), 
Concept-referent (CR), and dimension-refer- 
ent (DR) sets. The present study investi- 
gated whether or not such effects would 

1 The determination of word list frequencies, the 


Scorin Is, and the statistical analyses 
g of S protocol Neg Ne 


Were performed through the facilities of t 

hristian erdt Computation Center, A. A. J. 
Hoffman, Director, Grant U1417-089. 

2 Requests for reprints should be sent to Theo- 
dore R, Dixon, Department of Psychology, Texas 
hristian University, Fort Worth, Texas 76129. 


occur when the perceptual-referent (PR) 
type of words and Ss were included. 

Finally, the present study investigated re- 
lations between discrete, free word associa- 
tion (DFWA) response sets and responses 
obtained as controlled, continuous word 
associations (CCWA) to different form 
classes. Moran (1966) observed that in the 
DFWA experiment, OR, CR, and DR Ss 
tended to show preference for noun, verb, 
and adjective responses, respectively. For 
the purposes of the present experiment, it 
was predicted that set-type Ss would show 
the same ordering of preference as specified 
earlier, both in the DFWA and CCWA 
tasks. The same relation was predicted re- 
garding correlations between semantic and 
grammatical variables associated with a par- 
ticular set (e.g., in the DFWA setting, fre- 
quency of verbs was expected to correlate 
most highly with frequency of synonyms 
and vice versa). 


METHOD 


Subjects —The Ss were 176 students enrolled in 
introductory psychology classes at the University 
of Texas at Arlington. They had not served as 
Ss in previous psychological experiments. 

Word list—The word list was constructed so 
that response sets could be inferred by the distri- 
bution of associates to the first 48 words and so 
that the effects of sets could be predicted in Ss 
selected as representing sets on the last 36 words. 
Nine words each were chosen to represent the 
four idiodynamic sets. 

Procedure.—The Ss were told to write down 
the first word that they thought of each time they 
heard E call out a word. The 84-word list was 
then read to Ss, with a 5-sec. interval between 


words. 
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TABLE 1 
PREDICTION OF CoMMONALITY AND FREQUENCY z SCORES 


Type of stimulus word/variable 


OR CR DR 
N Type of S| PR 
Frequency Comair Frequency» Compani: Frequencys E Frequency? Sons 

| 40 33 —.24 —.33 =.15 =16 —49 —.30 
31 OR ‘00 — 36 M1 12 ‘06 EI 107 —12 
18 | CR ‘05 :09 —.30 27 24 10 06 01 
35 | DR —152 —AT 21 —.08 —04 —01 48 38 

i 


Note.—Abbreviated: PR = perceptual-referent; OR = object-referent; CR = concept-referent; and DR 


referent. 


= dimension- 


ency scores on variables representing sets in the second part of the list, 
» ena scores on words representing sets in the second part of the list. 


After the word list was completed, Ss were 
told that some of the same words would be called 
out again and that this time they should. write 
down the word that most people would think of 
when they heard the word. The words in the sec- 
ond part of the list were then called out again. 

Finally, Ss were told that the name of a part 
of speech would be written at the top of the next 
page of their booklets. The part of speech would 
be either a noun, verb, or adjective. The Ss were 
to write down as many examples as they could 
of the part of speech indicated. After 1 min, Ss 
were stopped, asked to turn the page, given the 
preceding instructions, and allowed to write for 
another minute. After the second minute, the 
previous procedure was repeated. On each trial, 
Ss had a different part of speech. Materials were 
arranged so that all six possible orders would be 
sampled. 

Variables—Frequency scores were obtained by 
summing the number of times each of the follow- 
ing categories were assigned to each S: (a) func- 
tions, (b) predications (PR associates), (c) re- 
lated objects (OR associates), (d) synonyms, (e) 
superordinates (CR associates), (f) contrasts, and 
(g) coordinates (DR associates). Definitions for 
these categories are provided in Moran and 
Murakawa (1968). 

Commonality was the frequency with which the 
Sample gave each response word. Part of speech 
categories, noun, verb, and adjective, were assigned 
to the stimulus and response word. 

Scoring.—Frequency tabulations of all responses 
were compiled for responses with commonality 
equal to two or more; Scoring was then assigned 
to these responses by reference to Prescored norms 
for the same words. These norms were collected 
and scored by Moran (1967). hen the part of 
speech was indeterminable from the context of the 
stimulus and Tesponse word, no Scoring was 
entered. Similarly, for logical or semantic vari. 
ables, when none of the Categories or more than 
one category fitted the association, no Scoring was 
done. 


Statistical analysis —All correlation coefficients 
reported are Pearson product-moment coefficients. 
All correlations and z scores were based on means 


and standard deviations obtained in the sample (N 
= 176). 


RESULTS AND DISCUSSION 


Effects of set in DEWA -—The proportion 
Scores of each S were converted into z scores, 
and then set-representative Ss were selected 
on the basis of the following criteria: Set- 
type Ss were those having z scores greater 
than .5 on variables representing one set and 
less than .5 on variables representing other 
sets. It was predicted that Ss would have 
their highest commonality z scores on those 
words among the last 36 most compatible 
with their sets. With the same group of 
Ss, it was predicted that those high on vari- 
ables representing one set on the first part 
of the list would also have their highest fre- 
quency (proportion) z scores on variables 
representing the same sets in the second 
part of the list. In Table 1 it can be seen 
that PR as well as other set-type Ss achieved 
their highest commonality and frequency 2 
scores on words and variables compatible 
with their sets. The exact probability of 
predicting the highest value in the diagonal 
was .004. 

Effects of set in PSWA—It should be 
mentioned that previous findings (Horton 
et al., 1963; Tenkins, 1959) with adults were 
confirmed regarding increased commonality 
due to instructional effects. Mean common- 
ality scores increased from 2,689.4 under 
DFWA to 3,138.3 under PSWA instruction, 
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t(175) =8.1, p<.001. Analysis of in- 
creases in commonality scores by type of S 
and word revealed that, overall, 78.596 of 
the total increase was due to increases on 
nonset-type words. Increases appeared in 
all sets for all types of words, whereas with 
children, the mean commonality scores actu- 
ally declined on some incompatible words. 
In adults, it was more often the case that 
greater increases occurred on words com- 
patible with some set other than that of the 
S. Considering this latter fact, and con- 
sidering that there was a maximum or ceiling 
value for each of the four classes of stimulus 
words, it was possible that on set-compatible 
words Ss were so near this maximum that 
upward changes on these words would be 
Testricted and negligible. However, the 
mean increase observed on set-compatible 
Words equalled 9.296 of the maximum and 
10.895 of the maximum for incompatible 
words, the mean difference not being sig- 
nificant. Nevertheless, even granting the 
Operation of a ceiling effect would not ac- 
count for the increases on set-incompatible 
Words, which was the major way this sample 
differed from children; ie, both groups 
increased commonality on set-compatible 
words. These findings provide support for 
the contention that two different association 
hierarchies are manifested during the DFWA 
experiment, one representing the personal 
Set of S and the second representing a cul- 
turally determined set (Moran & Murakawa, 
1968: Swartz & Moran, 1968). 
Correlations between grammatical and se- 
mantic variables—As predicted, nouns and 
Telated objects correlated highest with each 
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other (r = .80), as did synonyms and verbs 
(r — .40), and contrast and adjectives (re 
47). These last two values jumped to .59 
and 5 for synonyms and contrasts, re- 
spectively, when correlated with paradigm- 
atic verb and adjective responses. 

Effect of sets on grammatical variables in 
DFW A and CCW A.—In Table 2 are shown 
mean z scores for set-type Ss on frequency 
of nouns, verbs, and adjectives given in 
DFWA and CCWA. Regarding the DFWA 
task, while OR and CR Ss had their highest 
means on nouns and verbs, respectively, DR 
Ss were highest not on adjectives but on 
verbs. It is possible that DR Ss failed to 
achieve their highest score on adjectives 
because of a paradigmatic restriction against 
giving adjectives to anything but adjectives. 
It is also possible that proportion scores 
would better reflect the differential reliance 
on form class across sets. In addition, be- 
cause the frequency count of responses by 
form class included all words in the list, 
because some of the same words were used 
to select Ss, and because of the correlation 
between form class and semantic variables, 
possible biases were introduced which would 
favor the predictions made. Thus the re- 
sults regarding the effect of set on form 
class in DFWA must remain tentative. 

More inconsistent with expectation were 
the results for the CCWA task; with regard 
to each form class, both PR and DR Ss were 
above the mean (had positive z scores), and 
the OR and CR Ss were below the mean 
(had negative z scores). 

These results were considered surprising 
for the following reasons: The PR and DR 


TABLE 2 
FREQUENCY SCORES BY FORM Crass In DFWA anp CCWA Tasks 
Form class 

N Type of S Nouns Verbs Adjective 
DFWA CCWA DFWA CCWA DFWA CCWA 
s dw —.52 35 10 37 03 08 
31 OR EC —.20 —.06 —.02 —157 295 
18 CR —.25 —.06 23 —.41 .22 —.09 
35 DR —19 230 27 01 41 229 


7 » E 
refer ote—Abbreviated: PR = perceptual-referen 


OR = object-referent; CR = concept-referent; and DR = dimension- 
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Ss have consistently appeared at opposite 
ends of the "associative spectrum" in pre- 
vious studies; the predication and contrast- 
coordinate variables are negatively correlated 
consistently ; PR Ss tend to give syntagmatic, 
low-commonality responses with high laten- 
cies, while DR Ss tend to do just the reverse. 
Factor analytic studies of semantic vari- 
ables have shown that PR and DR variables 
load at opposite ends of one factor, and when 
the number of factors extracted is two, the 
OR and CR variables load on opposing poles 
of this second factor.? It appears that what 
might be called divergent response styles in 
the free word situation become convergent 
styles in the continuous association task. 

Inasmuch as DFWA and CCWA re- 
sponding do not appear to follow the same 
rules, theoretical accounts need to consider 
separately each type of associative behavior. 
If the production of continuous associations 
represented but a serialization of the pro- 
duction of single associations, it could be 
expected that measures of “associative pro- 
duction” in the two cases would be corre- 
lated. But when commonality scores ob- 
tained in DFWA were correlated with fre- 
quency scores obtained in CCWA, the cor- 
relation proved low and not significant Crs 
.06). 

The present experiment was generally sup- 
portive of previous findings on associative 
sets: (a) findings can be generalized across 
all sets regarding the facilitating and inter- 
fering effects of sets; (b) support for the 


3 Extraction of a third factor usually separates 
the OR and CR variables. 
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two hierarchy association hypotheses was 
gained; and (c) grammatical variables were 
shown to correlate as predicted with logical 
association categories. Extension to other 
domains was only partly successful, and 
additional studies are necessary regarding 
the effect of set on grammatical variables in 
both the DFWA and CCWA tasks. Also 
different methods for estimating production 
measures would be useful in comparing as- 
sociations across types of associative tasks. 
Such research holds promise for contributing 
to an account of cognitive factors operating 
in associative behavior. 
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EFFECTS OF AROUSAL ON HIERARCHICALLY 
ORGANIZED RESPONSES? 


A. STEVEN FRANKEL ? 


University of Southern California 


One hundred fifty males served as Ss in an investigation of the Broen and 


Storms reaction potential ceiling hypothesis. 


Two- and three-alternative 


hierarchies of responses were "built in" with a paired-associate learning 
procedure, and as dynamometer-induced arousal increased, the frequency of 
dominant responses decreased, with corresponding increases in the frequency 


of competing responses. 


Broen and Storms (1961) discussed 
schizophrenic deficit in Hullian terms and 
Postulated a “reaction potential ceiling." 
According to this view, there is a maximum 
level of reaction potential (E), which is joint 
function of drive (D) and habit strength 
CH). The E ceiling lies at a level below the 
Product of D maximum and H maximum. 

Given any stimulus or stimulus situation 
and a set of associated responses, an in- 
crease in D would increase E for all re- 
Sponses, with the strongest or dominant re- 
Sponse increasing at the most rapid rate. If 
D is strong enough to bring the dominant 
response to E ceiling, any further increase in 
D would serve to increase the probability of 
Occurrence of competing responses, while 
decreasing the probability of occurrence. of 
the dominant response. This formulation 
thus accounts for the inverted-U function 
found between arousal and performance 
(eg, Malmo, 1959) and has been applied 
theoretically to such psychopathological be- 
aviors as association disturbance, concept 
disturbance, delusions, hallucinations, and 
regression (Broen & Storms, 1966). 

Empirically, increased arousal _(accom- 
Plished via induced muscular tension) has 
been shown to decrease responding of nor- 
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mal males to a training stimulus, while in- 
creasing generalization. (Broen, Storms, & 
Goldberg, 1963). Broen and Storms (1964), 
using psychiatric patients, also reported in- 
creases in arousal resulting in a decreased 
number of appropriate responses and a con- 
comitant increase in competing responses in 
a discrimination task. Finally, arousal has 
been shown to be related to paired-associate 
learning (Spence, 1956) and the eyeblink 
response (Lovaas, 1960). 

The E ceiling formulation of how non- 
dominant responses may become increasingly 
probable as a function of increasing arousal 
level leads to some specific predictions re- 
garding the effects of increasing arousal on 
paired associates in which each stimulus has 
more than one associate. The present re- 
search dealt with the effects of arousal on 
hierarchically organized responses. Non- 
sense syllables were used as stimuli and 
responses in order to insure that the prob- 
abilities of the responses would be under 
experimental control. Response hierarchies 
were "built in" through the use of a paired- 
associate learning technique in which each 
stimulus was paired with more than one re- 
sponse. The frequencies of presentation of 
each response with its stimulus were varied 
so as to result in a heirarchical organization 
(Brown, Osterhout, & Voss, 1962; Goss & 
Sugerman, 1961; Voss, Thompson, & 
Keegan, 1959). 

The response hierarchies contained either 
two or three responses, and arousal was 
manipulated via muscular tension (eg., 


Broen & Storms, 1964; Malmo, 1959) and 
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TABLE 1 


TRAINING MATERIAL: 
FREQUENCIES OF APPEARANCES OF 
RESPONSES WITH STIMULI 


Two-alternatives Three-alternatives 
responses responses 
Approximate 
training 

proportion At Aa B B: Ba 
(domi- | (com- | (domi- | (com- | (com- 
nant) peting) nant) peting) | peting) 

.9-.1 45 5 45 5 5 

-7-.3 35 15 35 15 5 

5-5 25 25 25 25 5 


electric shock? (Kuethe & Eriksen, 1957; 
Schnore, 1959), to test the hypotheses that 
(a) increasing arousal would result in de- 
creasing frequencies of dominant responses, 
with concomitant increasing frequencies of 
competing responses, and (b) the effects of 
arousal would be greatest when the habit 
strengths (training frequencies) of the domi- 
nant responses were greatest. 


METHOD 


Subjects —One hundred and fifty males with no 
history of psychiatric involvement were drawn 
from introductory courses in psychology at Indiana 
University to serve as Ss as part of a course re- 
quirement. 

Apparatus—A hand dynamometer was con- 
structed from a cable tensiometer and was wired 
to a servographic recorder such that the strength 
of pull exerted by Ss could be recorded in terms 
of kilograms. A bell was wired to the dynam- 
ometer so that it would ring if the pressure indi- 
cator varied above or below a given value by 
1 kg. (after Broen et al, 1963). The dynam- 
ometer was used in connection with the arousal 
variable. 

Material—Twenty-one CVC trigrams, chosen on 
a random basis from the middle range of mean- 
ingfulness on Archer’s (1960) list, served as stim- 
ulus material. The nonsense syllables were typed 
on 3 X 5 in. cards. 

Training decks—Six nonsense syllables served 
as stimuli (see Table 1). Three of these (A 
stimuli) were used with two-alternative hierarchies, 
and three (B stimuli) were used with three-alterna- 
tive hierarchies. 

Nine training decks were constructed. Each 
deck was comprised of 105 cards, 50 of which 


8 Two shock groups (high and low) were also 
run in this study. "The resulting data were very 
similar to those resulting from dynamometer-in- 
duced arousal and they have been omitted from 
the present study in order to achieve a briefer and 
clearer presentation. 
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showed an A stimulus with either an A: or an Aa 
response and 55 of which showed a B stimulus 
with either a Ba, B; or Bs response. 

Three different proportional relationships be- 
tween dominant (Ai; Bı) and competing (As; Bs, 
Bs) responses were used. Three decks were con- 
structed in each of the three response proportion 
conditions (.9—1, .7-.3, and .5-.5) (see Table 1). 
Order of presentation of cards in all decks was 
randomly determined. 

Testing decks—Associated with each training 
deck was a testing deck, which consisted of 30 
cards. On each card appeared one of the two 
stimuli used in the training deck and all the re- 
sponses which had been presented with that stim- 
ulus. Fifteen cards showed the two-alternative 
stimulus with its two responses (Ai and Aa), and 
15 cards showed the three-alternative stimulus with 
its three responses (Bi, Bz, and Bs). 

Procedure.—The Ss were randomly divided into 
15 groups of 10 (arousal by response proportions). 
The mean maximum dynamometer pressure over a 
30-sec. period was determined for each S prior to 
training. 

Training—All Ss were then presented with 
three training decks in counterbalanced order and 
were instructed to pronounce each stimulus-re- 
sponse pair to control for attention. 4 

Testing—A testing deck was presented to S in 
between each training deck. The Ss were ie 
structed to "choose" one of the responses whic! 
appeared with the stimulus on each card in the 
testing deck. The Ss were given no rationale for 
making their choices, and all questions were 
answered as follows: “Just choose one of the re- 
sponses on each card. Do the best you can.” No 
feedback was given to Ss regarding the “correct- 
ness” of their choices. 

During testing, three levels of arousal were em- 
ployed: high, medium, and low. Just prior to the 
presentation of each testing deck, Ss in the high- 
arousal condition were instructed to grasp the 
dynamometer and squeeze it with half the average 
pretest pressure. The Ss in the medium-arousal 
condition were told to use one-fourth of the pre- 
test pressure, and Ss in the low-arousal condition 
were told to place their hand on the device, but 
not to apply any pressure. For the high- and 
medium-arousal condition, a bell sounded if the 
pressure varied above or below the individually 
determined value by 1 kg. 

In order for the effects of arousal to dissipate 
between testing and the subsequent training on new 
stimulus material, all Ss were given a deck of 
playing cards after each testing deck, were in- 
structed to shuffle the deck, and then to turn the 
cards face up, one at a time, while calling out 
“ace, two, three,” etc. Each time a turned-up card 
corresponded with the number uttered by S$ he had 
to reshuffle and start again. This filler task lasted 
for 4 min, which, according to Bourne (1955), 
should have been enough time for the effects of 
arousal to dissipate. 
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RESULTS 


For purposes of convenience, the results 
are arbitrarily presented in two parts: domi- 
nant response data and competing response 
data. Nevertheless, it should be noted that 
the total frequency of competing responses in 
the hierarchies in the present study is per- 
fectly negatively correlated to the frequency 
of appearance of dominant responses. 

Dominant responses.—The proportions of 
dominant responses produced during testing 
by Ss in both two- and three-alterantive 
conditions are shown in Table 2. These 
data were treated with an analysis of vari- 
ance, 

The proportion of dominant responses on 
test trials was positively related to the fre- 
quency with which they were shown during 
training, F = 2972, p < .01, and was greater 
for two alternatives than for three al- 
ternatives, F = 22.99, p< .01. Increased 
amounts of dynamometer pull (arousal) 
during testing were associated with decreas- 
ing Proportions of dominant responses in 
testing, F = 72.00, p < .01, with the decre- 
mental effect of increased arousal being posi- 
tively related to the frequency of dominant 
responses during training, F = 3.61, p < 01. 

Under low dynamometer pull, the propor- 
tions of dominant responses made in testing 
closely matched the proportions with which 


TABLE 2 
Mean Proportion or DoMINANT RESPONSES UNDER 
THREE LEVELS or DYNAMOMETER- 
Propucep AROUSAL 


T Level 
raining — 
Prop " 
iii Low Medium High M 
Two alternatives 
:90 (45) | .g69 701 654 743 
70 G3 1687 1622 584 931 
30 Q5) | ‘521 | [514 | 1545 5 
M 16023 | .6123 | .5943 
Three alternatives ] 
“82 (45 4 .595 529 657 
i (35) | “Gop | 339 | 1338 580 
46 Q5) | 479 | 487 | 437, | - 
M 16627 | ‘53403 | .5013 


Note.— Training frequenciesare given in parentheses. 


TABLE 3 


MEAN PROPORTION OF COMPETING RESPONSE 
UNDER THREE LEVELS OF DYNAMOMETER- 
PRODUCED AROUSAL 


Level 
Training 
proportion 
Low Medium High | M 
Rseponse B; 
.09 (5) .085 .242 .258 191: 
.27 (15) .250 .282 «322 .284 
446 (25) | .441 425 .383 416; 
M .2587 3163 .3210 
Response B; 
.09 (5) .068 473 213 .1513 
.09 (5) | oss 1179 A50 1139 
.09 (5) -080 .088 .180 116 
M .0787 .1467 1810 


Note.— Training frequencies are given in parentheses. 


these were presented during training. (Iı 
dividual £ tests comparing proportions | 
dominant responses during training an 
testing under low arousal uniformly faile 
to show any significant differences.) Unde 
increasing levels of dynamometer pull, thi 
matching became increasingly distorted an 
the proportions tended to converge. 

Competing responses.—The proportions c 
competing responses produced in testing i 
the three-alternative hierarchies are show: 
in Table 3. An analysis of variance of thes 
data (amount of dynamometer pull by num 
ber of competing responses during trainin; 
by response alternative, Bə or B3) was per. 
formed. In this analysis, the .5-.5 conditior 
was dropped, since one of the “competing 
responses" (Bs) was actually identical ir 
terms of frequency of presentation during 
training to the "dominant" response. 

As may be seen in Table 3, the proportion 
of competing responses in testing increased 
with increasing arousal, F = 1171, p < .01. 
Although the results of the analysis of vari- 
ance indicated that B» was given significantly 
more often than Bs overall, a £ test on Bo 
and Bs in the .9-.1 condition yielded no sig- 
nificant differences. Further, a significant 
interaction between number of competing re- 
sponses in training and response alternative 


(Be or Bs), F = 44.33, p< .01, suggests 
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that the difference between Be and Bs is 
greater in the 7-3 condition than in the 
‘9-.1 condition. Finally, the effect of dy- 
namometer pull in the proportion of com- 
peting responses depended jointly on the 
frequencies of presentation during training 
and the response alternative, F — 4124, p < 
05. The differences between Bə and B; at 
different levels of dynamometer pull vary 
more in the .7—.3 condition than in the .9-.1 
condition. 


Discussion 


A major implication of the Broen and Storms 
(1961) concept of a “reaction potential ceiling” 
is that with increased levels of arousal, assum- 
ing that habit strengths of dominant responses 
are sufficiently high, there should be less fre- 
quent usage of dominant responses. It will be 
recalled that this expectation is based on the 
view that there is a maximum level E which 
is a joint function of drive (arousal) and habit 
strength. 

As may be seen in Table 2, arousal has had 
the general effect of decreasing the frequency 
of dominant responses in both two- and three- 
alternative hierarchies of responses. 

A second major implication of the E ceiling 
hypothesis is that the decremental efíect of 
arousal should be greatest when the habit 
strength of the dominant response is greatest. 
Thus, it might be expected that the responses 
which appeared 45 times in training would 
reach ceiling more rapidly than those which 
appeared 35 times, which in turn would reach 
ceiling more rapidly than those which appeared 
25 times. The general effect would be a smaller 
decrease for those dominant responses which 
appeared 35 times in training than for those 
which appeared 45 times, with those which 
appeared 25 times showing the smallest de- 
crease. As may be seen in Table 2, the de- 
crease in frequency of dominant responses in 
testing was greater at the highest training level 
than at the medium or lowest training levels. 

In general, then, it may be said that the pre- 
dictions made with regard to the effects of 
arousal on dominant and competing responses 
have been supported. As arousal increased, the 
frequency of dominant responses decreased, with 
a corresponding increase in the frequency of 
competing responses. Further, the effects of 
arousal were greatest when the habit strength 
of the dominant response was greatest. 

In most of the literature dealing with the 
effects of arousal on performance, the “inverted- 
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U” function is mentioned (e.g., Broen & Storms, 
1961; Malmo, 1959). What is suggested by 
the “inverted-U” function is that as arousal in- 
creases, the frequency of “dominant,” “correct,” 
or otherwise appropriate responses increases to 
a maximum. As arousal continues to increase 
beyond this point, the frequency of such re- 
sponses decreases. Such an occurrence is cer- 
tainly expected for dominant responses which 
are low in H, since they presumably would have 
to increase further in E to reach ceiling than 
do those responses which are already relatively 
high in H. 

In the present study, dominant responses were 
less frequently emitted in testing as arousal 
increased, regardless of training frequency. 
This finding might be interpreted to suggest 
that “medium” arousal, induced by squeezing a 
dynamometer with one-fourth of one’s force, is 
enough to bring responses to ceiling which, in 
terms of frequency in training, are relatively 
low in H. This seems unlikely, but the ceiling 
hypothesis might be strengthened if it were 
shown that there is a level of arousal which 
would serve to increase the frequency of domi- 
nant responses. Perhaps a level of arousal less 
than one-fourth maximum force is necessary, 
but this is an empirical question. 

Finally, the results of the present study seem 
to agree with those of past studies in the area 
of paired-associate learning with varying per- 
centages of alternative responses. Further, 
since previous studies (e.g., Voss, et al., 1959) 
have used the anticipation method, while the 
present study used the method of simultaneous 
presentation, it may be said that these results 
occur independently of the method employed. 
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ERRATUM 


In the article, “Infort 
racy,” by James M. 
Psychology, 1969, 81, No. 2, 223-2 
data of Fig. 2 should range fro 
as reported. The regression eq 


nation Processing as a Function of Speed versus Accu- 
Swanson and George E. Briggs (Journal of Experimental 
29), the reaction time scale for the He = 10 
m .300 to .700 sec. and not from .200 to .600 sec. 
uation RT = .353 + .154 (H+) is correct. 
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LONG-TERM RETENTION OF MODALITY- AND NONMODALITY- 
SPECIFIC HABITUATION OF THE GSR? 


GORDON B. HARDING? anp GARY R. RUNDLE 


New Mexico State University 


Twenty-four human Ss received 20 stimulus presentations of either the same 
modality (Same Ss) or a different modality (Changed Ss) on each of 3 


successive wk. 


Overall GSR magnitude decreased from the first to the 


second week for both groups, but a reliable decrement on Trial 1 with weeks 


appeared only for the Same Ss. 


When skin resistance level (SRL) was 


used as a measure of arousal, Changed Ss became less aroused with amount of 


prior modality change. 


The present research compared the long-term 
retention of modality-specific and nonmodality- 
specific habituation of the GSR without foreknowl- 
edge of the stimuli to be employed. One group 
of Ss received 20 trials of the same stimulus on 
the same day of each of 3 successive wk., while a 
second group received a stimulus of a different 
modality on each of those same days. 

The skin resistance level (SRL) at the time of 
stimulus onset was also obtained to determine the 
changes in level of arousal (Malmo, 1962) that 
accompany habituation to old and new stimuli. 

Method—The Ss were 48 introductory psychol- 
ogy students, who volunteered for the experiment to 
satisfy partially a course requirement. A light, 
tone, and vibrator served as stimuli. The light 
was white and came from a 7 X 4 in. source 4 ft. 
from S at approximately eye level. The tone was 
a 1,000-cps signal at 78 db. (.0002 dynes/cm*) and 
was produced by a Hewlett-Packard 200 AB audio 
oscillator and fed through Willson sound barrier 
earmuffs. The vibrator was made by Vogt 
Appliance Company, Kalamazoo, Michigan, and 
was attached to S’s right leg by rayon straps over a 
Ys in. layer of foam rubber. The two vibrator 
heads made contact with the calf of the leg. 

The light, tone, and vibrator were judged to be 
of equivalent intensity prior to the experiment. 
The straps and foam rubber arrangement and the 
earmuffs reduced the audible noise of the vibrator 
to a faint hum. To that extent, the modalities of 
the three stimuli were nonoverlapping. 

The GSR was measured by a Fels dermohmmeter 
Model 22A, with i-in. diameter zinc sulfate, agar 
powder, and distilled water. 

The 48 Ss were assigned randomly to either the 
changed-modality or the same-modality group. Of 
the 24 Ss in the Changed group, 4 were assigned to 
each of the six possible orders of the three different 
stimuli, and Ss were given 20 trials of a different 
stimulus on the same day of the week for 3 suc- 
Fund of New Mexico Stave University? Claude Dove Research 
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University, Box 


cessive wk. The 24 Ss in the Same group were 
assigned randomly to the three stimuli, and each 
S received the same stimulus, either the light, the 
tone, or the vibration, on the same day of the 
week for 3 successive wk. 

On entering the laboratory, Ss were seated and 
the GSR electrodes were attached to the dorsal 
and palmar surfaces of the left hand. The Ss were 
told that some stimuli were to be presented, but they 
were never informed by instruction which stimulus 
was to occur on any given day, nor were they 
even informed that a tone, light, or vibration could 
occur. 

The vibrator and earphones were attached to 
each S each week, regardless of the condition 
scheduled for that S. 

Following the instructions, Æ switched off the 
lights and closed the door to the S room. Twenty 
presentations of the same stimulus were then 
given at a mean intertrial interval of 40 sec. with a 
range of 20-60 sec. Stimulus duration was 1 sec. 
Each S was run on the same day and at the same 
time by the same E for 3 consecutive wk., except 
three Ss who were run by a different E on Week 3. 

The GSR was read to the nearest 200 ohms and 
was defined as logio [(1/Rs — 1/R») 10°+ 1], where 
R» = the skin resistance in ohms at the onset of the 
stimulus and R, — the minimum skin resistance in 
ohms within approximately 4 sec. of stimulus onset. 

Results and discussion.—Figure la shows the 
mean GSR magnitude on each of the 20 trials for 
Weeks 1, 2, and 3 for the Same group. Analysis 
of variance of the GSR magnitude/S/trial/wk 
showed the effects of trials, F (19, 437 = 13.35, 
weeks, F (2, 46) —12.92, and Trials X Weeks, 
F (38, 874) = 226, to be reliable with a $ < .01. 

Evidence for long-term retention of habituation 
was obtained by analysis of the weeks and Trials X 
Weeks effects at the simple level (Tukey a pro- 
cedure, Winer, 1962). There was a reliable decre- 
ment, p<.01, in the mean GSR magnitude from 
(a) Week 1 to Week 2, but not thereafter, and 
(b) Trial 1 on Week 1 to Trial 1 on Week 2. 

The reliable decrement in first-trial response mag- 
nitude from Week 1 to Week 2 suggests that 
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proprioception is 
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1967). 

Figure 1b shows the mean GSR magnitude on 
each of the 20 trials for Wecks 1, 2, and 3 for 
the Changed group. Analysis of variance of the 
GSR magnitude/S/trial/wk showed the effects of 
trials, F (19, 437) = 30.88, and weeks, F (2, 46) = 
13.85, to be significant with a p<.01, with no 
Trials X Weeks interaction. 

The significant decrement in mean GSR magni- 
tude from Week 1 to Week 2, p € .01, demonstrates 
long-term retention of habituation despite a change 
in the stimulus modality. Figure 1b shows that the 
mean GSR magnitude on Trial 1 was invariant 
across weeks. 

Habituation was considered to be specific to the 
modality of the stimulus to the extent that the 
Same group had a smaller GSR magnitude than the 
Changed group, particularly on Week 2. To insure 
that performance differences between these groups 
during original learning (Week 1) did not con- 
taminate the comparison, the GSR magnitude/trial 
for each S on Weeks 2 and 3 was subtracted from 
the mean GSR magnitude during Weck 1 for that 
same S. 

Analysis of the variation between the deviation 
scores/S/trial/wk showed the effects of weeks, 
F (1, 46) —477, p<.05, trials, F (19, 874) = 
28.56, p < .01, and Trials X Groups, F (19, 874) 
= 3.66, p < .01, to be reliable. 

A priori interest in the pattern of differences 
between groups over weeks and trials justified an 
examination of the Groups X Weeks X Trials in- 
teraction. Analysis of the carly trials on Weeks 2 
and 3 with the Tukey a procedure indicated that 
the Same Ss responded less than the Changed Ss 
on Trials 1, 2, and 3 on Week 2 and only on Trials 
1 and 2 for Week 3, p «.05. Thus, the conclu- 
sion that habituation is a modality-specific phe- 


not a 
habituation 


necessary 
(Kimmel 
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nomenon is warranted for the performance on only 
the first few trials of cach week. 

The SRL was defined as the skin resistance in 
ohms at the time of stimulus occurrence. Analysis 
of the SRL/trial/S on Week 1 for the Same and 
Changed groups indicated no difference between 
groups, F (1, 46) — .03. 

Figure 2 shows the mean SRL /trial/wk for each 
group. Analysis of the SRL/trial/S/wk/group 
showed trials, F (19, 874) = 13.53, p < .01, Groups 
X Trials, F (19, 874) = 2.84, p <.01, and Groups X 
Weeks X Trials, F (19, 874) = 1.86, p < .05, to be 
reliable. Analysis of the third-order interaction 
with the Tukey a procedure indicated that while 
the SRLs of the Changed and Same groups were 
similar at the beginning of the Week 2 session, by 
the end of that session the SRL of the Changed 
group was greater than that of the Same group, 
p < 01. Figure 2 shows that this difference 
persisted through Week 3. 

Thus, to the extent that SRL is a measure of 
arousal (Malmo, 1962), Ss with prior experience 
of novelty were less aroused. The inverse rela- 
tionship between novelty and arousal suggests that 
the large GSR on Trial 1 of Week 2 and 3 for the 
Changed Ss was not an artifact of an increment in 
arousal produced by novel stimulation (Thompson 
& Spencer, 1966). In fact, the SRL for the 
Changed Ss was significantly higher than that of 


the Same Ss just after novel sti i ial 
DE e eig fter novel stimulation (Trial 2, 


REFERENCES 
Komer, H. D., & GoLDSTEIN, A. J. Retenti f itua- 
tion of the GSR to visual and auditory. Salat. ees 
nal of Experimental Psychology, 1967, 73, 401-404. 
Marwo, R. B. Activation. n A. J. Bachrach (Ed.), 


Experimental foundations of clinical hol v 
York: Basie Books, 1902. ^ acc aes 
TuoMPsoN, R. F., & SPENCER, W. A. Habituation: A model 
phenomenon for the study of neuronal substrates. Psycho- 


etica Review, 1906, T8, 16-43 
VINER, B. J. Statistical principles in experi: ij 
New York: McGraw-Hill, 1962." ie fetal Ease 


(Received January 31, 1969) 


Journal of Experimental 
1909, Vol. s2 No 2. 363-353 Tory 


INTERACTIVE EFFECTS ON REACTION TIME OF PREPARATORY 
INTERVAL LENGTH AND PREPARATORY INTERVAL FREQUENCY 


ALFRED A. BAUMEISTER ! anp CHARLES E. JOUBERT 


University of Alabama 


Simple reaction times (RTs) were found to be dependent on the interactive 
effects of length of the preparatory interval (PI) and the distribution of 


PIs within a series. 


Four PIs (2, 4, 8, and 16 sec.) were presented under 


four distributions: rectangular, symmetrical, skewed left, and skewed right. 
For the first three distributions, RTs following the shortest PI were 


particularly slow. 


However, in the case of the distribution containing a 


relatively high proportion of short intervals (skewed right), no differences 


in RTs were observed in relation to length of the interval. 


An additional 


result indicated that performance under the long PIs was detrimentally 
affected over trial blocks regardless of the distribution. 


It is well known that within certain limits, the 
length of the foreperiod affects reaction time 
(RT). Moreover, when the foreperiods are varia- 
ble from trial to trial, a contextual factor is intro- 
duced in which performance on a given trial is 
influenced by the foreperiods on preceding trials, 
Particularly the one most immediately antecedent 
(Karlin, 1959; Klemmer, 1956). This phenome- 
non has been called the previous preparatory in- 
terval (PPI) effect. The PPI effect tends to be 
Most marked in the situation where a trial defined 
by a short foreperiod follows a trial associated 
With a long foreperiod. The S behaves as if he 
has developed an expectancy for a long interval 
and is caught unprepared when the interval turns 
Out to be short. x 

One way that has been proposed to manipulate 
this expectancy is to vary the relative frequency 
Of the various preparatory intervals (PI). For 
ame, Zahn and Rosenthal du using ae 
Wo PIs at a time, found that when the series 1n- 
cluded a relatively ‘small number of brief PIs, RTs 
Were particularly slow on trials having the short 
intervals. In other words, a PI Frequency X PI 
interaction was observed. Karlin (1966) used three 
distributions of PIs: leptokurtic, rectangular, and 
bimodal, The major finding was that readiness to 
respond was dependent on the probability of oc- 
Currence of an interval of a given length. Kar- 
in’s study is somewhat difficult to interpret in that 
ifferent ranges of PIs and different numbers of 
trials were given under the various distributions. 
n addition, the ranges of PIs were short, the 
largest being 150-950 msec. It is not clear whether 
these findings can be generalized to an RT task 


'nyolvin iabl ries of longer PIs. 
g a variable se " 
he present study was undertaken to yary Es 
tematically the shape of the PI distribution (with 
LCSDect to frequency) within a series. PI distri- 
butions were rectangular, skewed left, apis 
"ght, and symmetrical. The range of PIs was 
710 sec, 
TS nt to Alfred A. 
uests i hould be, sent , 
Baumelster Dee Psychology, University of Alabama, 
versity,’ Alabama 35486. 


Method.—Sixty-three undergraduates enrolled in 
an introductory psychology class served as Ss. 
Data írom two Ss were discarded due to equip- 
ment failure, and one S was excused for failure to 
follow instructions. 

The equipment consisted of a telegraph key, a 
circular red light 1 in. in diameter mounted in a 
display unit, a Beltone audiometer with sound- 


attenuating earphones, an eight-bank timer, a 
Hunter  Klockounter, and other programming 
equipment. The red light served as a warning 


signal, a 50-db., 1,000-cycle tone as the reaction 
signal. The experiment was conducted in a sound- 
dampened room under a low level of illumination. 
Controlling and recording equipment was located in 
an adjacent room. The warning signal appeared 
for 1 sec, followed by a variable blank interval 
of 1, 3, 7, or 15 sec. Preparatory intervals were 
thus 2, 4, 8, and 16 sec. Four numerically equal 
(N —15) subgroups were constituted. Each sub- 
group was run under a different PI distribution 
over 100 trials: rectangular (R), symmetrical (S), 
skewed right (SR), and skewed left (SL). The 
total number of presentations of the various PIs 
for the four distributions is presented in Table 1. 
The 100 trials were presented in five blocks of 20, 
with each PI represented an appropriate number of 
times within a block depending on the distribution. 

The Ss were instructed to depress the telegraph 
key when the red light appeared and to hold the 
key down until the tone was presented. Emphasis 
was placed on making rapid responses. No reí- 
erence was made to the length of the preparatory 
interval. 

Results and. discussion.—Obviously, when the PI 
distribution is anything but rectangular, the num- 
ber of RTs vary from PI to PI. In analyzing 
the results, one may compute a mean based on all 
trials for a particular PI, in which case the num- 
ber of observations contained in a measure will be 
different among the various PIs. Another pro- 
cedure is to sample randomly, from the trials given 
at each PI, a number equal to the number given 
under the least írequent PI. Both procedures 
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TABLE 1 


Total NUMBER OF PRESENTATIONS OF THE VARIOUS 
PIS FOR THE Four PI DISTRIBUTIONS 
PI (in sec.) 
PI distri- 
bution 
2 4 8 16 
25 25 25 25 
10 40 40 10 
SL 10 20 30 40 
R 40 30 20 10 


were followed in the present study and the results 
obtained were nearly identical. Consequently, the 
results reported here are based on all 100 trials. 

A 4X4X5 analysis of variance was conducted 
involving (a) type of PI distribution, (5) PI, and 
(c) trial blocks. A summary of the analysis is 
presented in Table 2. The main effects of PI and 
trial blocks were significant. In addition, trial 
blocks interacted with PI and type of distribution 
interacted with PI. This latter interaction is of 
major interest to the present investigation. These 
effects are graphically represented in Fig. 1 and 2. 

An examination of Fig. 1 suggests that the in- 
feriority sometimes observed under short PIs in 
an irregular series does not occur when the ma- 
jority of the PIs in the distribution are relatively 
short (skewed right). One possibility is that Ss 
"tuned in" to the statistical properties of the inter- 
vals and did not develop high expectancies for the 
long PIs. An examination was made of the 
contextual effects of the intervals for the rectangu- 
lar distribution and the distributions of PIs skewed 
right. In the case of the former, the means for 
the longest PPI and the shortest PPI were .37 and 
-32 sec. respectively. For the skewed-to-the-right 
distribution, the corresponding means were .34 and 
29 sec. An analysis of these data revealed that 
RTs to a short PI preceded by a long PI were 
slow (5.05) relative to those observed when 
the PPI was also brief. Furthermore, this effect 
was approximately the same for the two distribu- 
tions. Thus, the interaction. graphed in Fig. 1 
may have resulted simply from the relatively few 


TABLE 2 
SUMMARY OF ANALYSIS oF VARIANCE 
Source of variance df MS F 
Retween Ss ( = 
reatments (A) 3 | 28227.78 «1 
SXA 56 R 
wight Ss 45757.81 
3 | 80988.81 d 
AXC 9 | 8857.54 RD 
SXBXA 168 | 2074.72 E: 
Trial blocks (C) 4 | 18956.19 8.82* 
AXC 12| 1276.37 | <1 
$ XC XA 224 2148.29 
3843.25 e 
LAXBxcC 36 | 1105,94 10 
SXBXCXA |672| 104456 ` 
*p <.01 
** p < .001 
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RECTANGULAR €————-e 
SYMMETRICAL c: 
\ SKEWED LEFT 


\ SKEWED RIGHT = 


REACTION TIME (x .001 SEC.) 


PREPARATORY INTERVAL (SEC.) 


Fic. 1. Mean RTs at each PI for four types of 


PI distribution. 


occasions for a long PPI in the distribution skewed 
right. 

It should be noted also that the shape of the 
foreperiod distribution did not influence perform- 
ance under the longer PIs. In other words, the 
ability to maintain a set for the long intervals 
was not dependent on their frequency. On any 
given trial, S is given more information about the 
occurrence of a long interval than a short one. 
That is, once S has assimilated the fact that the 
intervals will vary in length, he can "check off" 
the probability of a longer interval by eliminating 
the shorter PIs as they fail to occur on a given 
trial. If S is set for a short interval and it does 
not occur, then he “knows” that it must be a longer 
one and therefore sets himself again. 

In view of these findings as well as the failure 
to find a significant Blocks X Treatment interac- 
tion, it is not entirely compelling to attribute the 
PPI effect to "expectancy." Possibly, a long PPI 
produces a temporary adaptation effect in which 
the duration of shorter PIs is overestimated by S. 
A similar explanation has been proposed by Zahn 
and Rosenthal (1966). 

The Trial Blocks X PI interaction may have 
arisen from a deterioration in S's ability to main- 
tain a preparatory set for the long intervals. Fig- 
ure 2 indicates that performance under the 2-sec. 
PI did not change markedly from Trial Blocks 1 
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Fic. 2. Mean RTs at each PI for Trial Block 1 


and Trial Block 5. 
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to 5. Another possibility is that the presence of 
short intervals in the series somehow interfered 
with the ability to maintain a set over longer 
periods. However, this alternative explanation 
suffers from the absence of a statistically signifi- 
cant three-way interaction. In other words, one 
might have expected the deterioration in perform- 
ance under the long PIs to haye been more evident 
when there was a relatively high proportion of 
short PIs. 
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COMPARISON OF THE EFFECT OF AUDITORY VERSUS VISUAL 
STIMULATION ON INFORMATION CAPACITY OF 
DISCRETE MOTOR RESPONSES 


W. W. BREEN, M. J. De HAEMER, ann G. K. POOCK? 
Naval Postgraduate School, Monterey, California 


The effects of auditory and visual stimulation on reaction time (RT) and 
movement time (MT) for discrete motor responses were compared with 


the effects of visual stimulation studied by previous investigators. 


Under 


audio stimulation, the correlation between MT and information processed 


was .92. 
information processed was .97. 


proces 
same time, however, type o: 


faster than RT to audio stimuli. 
under audio 


sed affected MTs, RT was not affected by this variable. 
f stimuli did affect RT. RT to visual stimuli was 
Relative independence of RT and MT 


stimuli further supports the independent nature of perceptual 


Under visual stimulation, the correlation between MT and 
Although the amount of information 


At the 


and motor processes as asserted by previous investigators using visual 


stimuli in similar experiments. 


Fitts and Peterson (1964) investigated the re- 
ationship between the information contained in a 
Motor response, the movement time (MT) to ac- 
Complish the response, and the reaction time (RT) 
Or the decision process associated with the re- 
Sponse when a visual stimulus was used. They 
defined an index of difficulty (ID) as 


24 
ID = loga FF) , 


Where 4 js the movement amplitude between a 
Starting Kütt and a target and Ww is the target 
Width, Using two targets of width Ww and a 
istance between them equal to 24, their Ss held 
3 stylus at a center starting button between the 
WO targets and moved the stylus to the right or 
Sit target on presentation of the proper visual 
Stimulus, RT and MT were measured, with sub- 


me ii Id be sent to Gary K. Poock, 
Bepartment of Operations ois Naval Postgraduate School, 
Onterey, California 93940. 


sequent analysis showing a linear relationship MT 
=a+b(ID) and a relative independence between 
RT and 1D. 

These results appeared applicable to the current 
authors’ problem of trying to predict and improve 
overall RTs involving various basic movements in 
certain military systems. However, the current 
problem included prediction of RTs to auditory as 
well as visual stimulation such as found in sonar 
systems. Fitts and Peterson's (1964) experiment 
was therefore duplicated with the addition of audi- 
tory stimulation. 

Method.—Six male military officers ranging from 
28 to 31 yr. of age served as Ss. 

The apparatus was designed to be as nearly as 
possible like the apparatus detailed in Fitts and 
Peterson (1964). Two identical targets were 1o- 
cated at equal distances from the starting plate. 
The Ss held a lightweight metal stylus on the 
starting plate. In the audio stimulus trials, Ss 
moved the stylus as rapidly as possible to the left 
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TABLE 1 


AMPLITUDE AND TARGET CHARACTERISTICS ASSOCIATED 
wiTH INDEXES OF DIFFICULTY 


Amplitude Target width | Index of difficulty 
(A) (QW) (1D) 
3 1 
6 1 
12 1 
12 M 
12 25 
12 125 


Note.—Measures of amplitude and target width are given 
in inches. 


target on presentation of a low-pitched tone (250 
Hz.) or to the right target when presented with a 
high-pitched tone (2,000 Hz.). The tones were 
presented through earphones. In the visual stimu- 


lus trials, Ss observed two lights and moved the 
stylus in the direction indicated by the light stimu- 
lus in any given trial. RT was measured from 
the onset of a stimulus to the time the stylus was 
lifted off the starting plate. MT was measured 
from the end point of the RT period to the time 
the stylus touched the target. Times were mea- 
sured to the nearest millisecond. 

For comparison with the results of Fitts and 
Peterson (1964), IDs identical to theirs were used. 
Each ID was used under each stimulus condition. 
The target characteristics are shown in Table 1. 

Each S performed 10 trials under each ID and 
stimulus condition aíter performing several prac- 
tice trials for familiarization. Times for practice 
trials were mot recorded. Subsequent analysis 
verified previous experience that no learning “oc- 
curred during the experiment, and each measure 
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Fic. 1. Index of difficulty vs. time. 
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was therefore considered independent. For any 
given 10 trials, Ss always performed under one ID 
condition and one stimulus condition. The Ss 
were instructed to move the stylus to the appropri- 
ate target when the stimulus occurred. ID condi- 
tions, stimulus type, and direction of movement 
were randomized across all Ss. Signaled direction 
was made to occur randomly but with equal num- 
ber in each direction for each ID condition. Trials 
in which errors (misses of the target) occurred 
were infrequent and disregarded. Stimuli for 
given trials were presented at the rate of approxi- 
mately 5/min. 

Results and discussion—A two-way analysis of 
variance was performed on RT and MT for effects 
of ID and stimulus. Stimulus had a significant 
effect on RT, F (1, 708) = 82.64, p < .001. Mean 
RT for visual stimulus was 33 msec. shorter than 
for auditory stimulus, as shown in Fig. 1. ID 
did not have a significant effect on RT, F (5, 708) 
— 1.90, p> .05. The correlations between RT and 
ID values were .202 (auditory) and .413 (visual). 

Changes in ID had a significant effect on MT, 
F (5, 708) — 35.30, p < .001, but stimulus was not 
significant in determining MT, F (1, 708) — 1.95, 
P2».10. The correlations between ID and MT 
were .918 (auditory) and .973 (visual). Overall, 
when considering the amount of variance ac- 
counted for, ID was the most influential variable 
in the present experiment. m 

The regression equations for predicting MT 
are given as follows: (a) MT visu =71 ID + 16 
(msec.), (b) MT wae=67 IDF 59 (msec.), (c) 
MT vr ana 74 ID—70 (msec.). Equation c is 
the one from the earlier Fitts and Peterson (F and 
P; 1964) experiment relating MT to ID under 


visual stimulus conditions. 


A major goal of the current experiment was to 
validate, for an audio stimulus, the relationship 
between MT and ID which was developed by Fitts 
and Peterson (1964) for visual stimulus. All 
three of the regression equations relating MT to 
ID have essentially the same slope. The differ- 
ence in intercept constants could be the result of 
slight differences in experimental conditions and 
may also be due to the age of Ss used. The Ss in 
the current experiment showed no learning effects 
and were from 5 to 10 yr. older than those used by 
Fitts and Peterson. The difference in the inter- 
cept constants of the MT regression equations be- 
tween Fitts and Peterson's Exp. II and the current 
experiment lends support to the empirical evidence 
that age may affect psychomotor processes of this 
type, as suggested by Birren, Butler, Greenhouse, 
Sokoloff, and Yarrow (no date) and Welford 
(1958). 

In conclusion, the equation MT =a + b(ID) 
first demonstrated by Fitts and Peterson has been 
reconfirmed for both audio and visual stimulus. 
The current experiment has revealed that only the 
type of stimulus significantly affected RT; and ID 
alone significantly affected MT. Relatively, ID 
was a much more influential variable. 
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SERIAL ACQUISITION AS A FUNCTION OF STAGE OF LEARNING! 


M. AHMED anv JAMES F. VOSS? 


University of Pittsburgh 


Following a previous study, Ss were interrupted at one of five stages of serial 
learning ranging from a 0/12 criterion (one trial) to a criterion of 12/12 


+10 extra trials. 


Upon interruption, Ss first tried to recall the list items 


and then were presented each item and asked to place the item along a spatial 


dimension representing the serial list. 


In addition, two control conditions 


were employed in which Ss either placed the items along the dimension with 
no information or with complete information regarding the list locus of the 


items. 


The results indicated that one trial reduces the average deviation of 


placement by approximately one-half and that placement performance tends 


to improve during acquisition. 


The results were interpreted as supporting 


the view that the serial position curve is attributable to S’s knowledge of the 
dimensional characteristics of the serial task. 


In a previously reported experiment (Voss, 
1969), acquisition of a 12-unit serial list was stud- 
ied as a function of stage of learning. The Ss 
were interrupted at one of five criteria: 0/12 (one 
presentation), 4/12, 8/12, 12/12, or 12/12 + 10 ex- 
tra trials. One of three interruption tasks was 
then employed: recalling as many items as possible 
without reference to serial position, stating which 
item of the list followed each item when the items 
were presented in counterbalanced orders, and 
stating which item occurred at a particular serial 
position when the digits 1-12 were presented. The 
results provided little evidence supporting the 
serial position and chaining hypotheses, but were 
interpreted in terms of a view stating that Ss ac- 
quire a serial list by learning to place items along 
a dimension (Slamecka, 1964; Voss, 1968). 

The present paper reports the results of an ex- 
periment designed to supplement the previous 
study by use of a different interruption task. 
Specifically, after reaching the respective criterion, 
Ss were asked to try to recall the items and then 
were presented with a horizontal line representing 
the serial list. The Ss subsequently were pre- 
sented each item and asked to draw an arrow at 
the point where the item occurred, with perform- 
ance measured in terms of deviation from correct 
Placement. It was hypothesized that deviation 
scores decrease as a function of trials, that devia- 
tions of recalled items are less than deviations of 
nonrecalled items, and that the deviation of items 
correct on the trial preceding the interruption is 
less than the deviation of items not correct. 

Method.—The same 12-unit serial list was em- 
ployed as that of the previous experiment (Voss, 
1969). Five stages of learning were used: 0/12 
(1 trial), 4/12, 8/12, 12/12, and 12/12 + 10 trials. 
Upon interruption, Ss were given two tasks. The 
Ss were provided a sheet of paper and asked to 


write all the items they were able to without re- 
1 This research was supported by National Insti 

Child Growth and Human Development Grant HD00957.09. 
2 Requests for repeats EG he sent us ames F. Voss, 

Department of Psychology, University of Pitts! ` Pitts: 

Gu Pennsylvania 15213. ituak, Pitts 


gard to serial position. Following recall, Ss were 
given a sheet of paper with a horizontal line and 
were instructed to draw an arrow on the line at 
the point that each item occurred. Each end of 
the line was marked with a short vertical line that 
represented the first and last items. The line was 
81 in, with each ł in. representing the correct 
Placement of the item. The items were presented 
to each of 12 Ss in an order determined by a 12 X 
12 Latin square. A new sheet of paper was pro- 
vided for the placement of each item. Twelve Ss 
were run in each oí the five degree-of-learning 
conditions; one-half of the Ss were presented the 
recalled items for placement prior to presentation 
of the nonrecalled items, whereas the remaining 
one-half of the Ss were presented the nonrecalled 
items first. 

In addition to the five experimental conditions, 
two control conditions were employed. In Cond. 
Cı, Ss were presented the items and asked to place 
them along the line without having any exposure 
to the list; in Cond. Cs, Ss placed the items with 
the specific serial position of each item given, The 
former condition was employed as a control for 
item placement with no serial list information; the 
latter condition was employed as a control for 
assessing serial placement performance with com- 
plete information given. 

The N per condition was 12, or a total N of 84. 
Other conditions were comparable to those of the 
previously reported experiment (Voss, 1969), with 
the exception that Ss of Cond. Cs were run after 
the other six conditions. 

Results and discussion—Deviations from correct 
Placement were measured in terms of $ in. Table 
1 presents the average deviation scores for the 
experimental conditions. Three of the compari- 
sons are especially noteworthy: (a) The difference 
between the C; and 0/12 conditions shows that in 
one trial the deviations were reduced by approxi- 
mately 50%, thus indicating that one presentation 
of the list provides substantial information about 
the loci of list items; (b) as degree of learning in- 
creased, the average deviation decreased, with an 
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TABLE 1 


AVERAGE DEVIATION ($ IN.) PER ITEM FOR EXPERI- 
MENTAL AND CONTROL CONDITIONS 


AD 
Cond. 
Recalled Nonrecalled 

Placement items items 
Cy 51.1 — — 
0/12 25.2 21.4 30.6 
4/12 11.6 11.4 13.2 
8/12 15.7 15.3 18.2 
12/12 10.8 me^ S 
12/12 4- 10 6.7 -— ES 
€: 5.5 = — 


® Statistic was omitted because of insufficient data points. 


inversion at the 4/12 and 8/12 conditions; (c) the 
decrease in average deviation from the 12/12 to 
the 12/12+ criteria indicates that the deviation 
measure is sensitive to overlearning effects. In 
addition, it should be noted that the average devia- 
tion of the 12/12+ 10 condition is only slightly 
greater than that of the Ce control condition, thus 
suggesting that greater overlearning of the list 
would produce only a small gain in item placement 
performance. 

An analysis of 
effect of condition, 


variance indicated a significant 
F (6, 77) = 68.07, $ < .01, and 
a subsequent Duncan range test revealed that Cond. 
Cı differed significantly from all other conditions, 
as did Cond. 0/12. The remaining five conditions 
had three overlapping ranges of significance. An 
analysis of variance conducted on the five experi- 
mental conditions revealed that condition is signifi- 
cant, F (4, 50) —10.86, ^ < .01, and that the re- 
call-nonrecall variation in item placement and the 
Condition x Recall-Nonrecall Order sources of 
variation are not significant, F < 1.00 in both 
Cases, These data thus indicate that average place- 
ment deviation does not vary as a function of 
Whether the recalled items or the nonrecalled items 
are placed first. : 
The last two columns of Table 1 present Le 
average deviation scores for the items recalled and 
not recalled. An analysis of variance reveale 
that the average deviation of recalled items ws 
smaller than that of nonrecalled items at o 
condition, F (1, 144) 2401, ^ < 05, but a E: 
4/12 and 8/12 conditions, the average deviation O 


recalled and nonrecalled items is not significant, P 
< 1.00 in both cases. Thus, contrary to hypo : 
did not yield significantly 


SUN items 
Ride. anaien than items not recalled, except 
in the 0/12 condition. m 
Table 2 presents the average deviation ok nie 
4/12 and 8/12 conditions, tabulated on e aom 
Whether an item was correctly anap on ta 
Tespective 4/12 or 8/12 criterion trial and w E ner 
9r not it was recalled correctly. The data in ic: à 
that the best performance in both open oc 
curred when an item was correct on the ai EM 
trial and correctly recalled. One sene OF e 
Surprisingly small deviation of items neither co 
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TABLE 2 


AVERAGE DEVIATION OF COND. 4/12 AND 8/12 ITEMS FOR 
CORRECT AND INCORRECT CRITERION TRIAL 
AND RECALL PERFORMANCE 


Cond. 4/12 Cond. 8/12 
Criterion 
cant Not Not 
o 
Recalled xecalled Recalled Ptaka 
Correct E 13.6 13.5 21.3 
Incorrect 13.5 12.1 22.6 16.8 


rectly anticipated nor recalled may be that Ss, 
when presented these items, realized they did not 
know their correct locus and tended to place them 
in a part of the list they knew they did not know, 
ie, the middle. 

Figure 1 presents the average deviation for each 
condition as a function of serial position. Three 
findings are of note: (a) Average deviation tends 
to increase over serial position for the 0/12 condi- 
tion, thus suggesting that in one trial, Ss show a 
greater gain in placement for items in the first- 
half positions of the serial list; (b) the remaining 
curves tend to approach the shape of the serial 
position curve as acquisition continues; (c) the 
discrepancy between Cond. 12/12--10 and Cs 
tends to take place at the serial positions just past 
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Fic. 1. Average deviation as a function of serial position 
for the item placement of the seven conditions. 
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the middle of the list. It also should be mentioned 
that serial position placement of items recalled 
tended to follow the serial position curve to a 
greater degree than items not recalled (data not 
presented). 

The results of the present experiment supple- 
ment the previous findings (Voss, 1969) by show- 
ing that as Ss learn a serial list, accuracy of place- 
ment of items increases along a spatial dimension 
representing the list. Furthermore, it is of interest 
to note that Cond. C; and Cs yielded an irregular 
curve and a bow-shaped curve, respectively, with- 
out the list per se ever occurring in either posi- 
tion. In other words, the serial position curve was 
generated without the typical repeated presenta- 
tion of the serial list. Finally, it may be men- 
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tioned that the present data support a positional 
hypothesis, which affirms that Ss tend to acquire a 
list by a process of placing the items along a di- 
mension; the test dimension in the present study, 
however, was spatial, whereas the typical serial 
tasks intrinsically involve a temporal dimension or, 
possibly, a temporal dimension that S may trans- 
form and encode into a spatial dimension. 
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WORDS AS FEATURE COMPLEXES: 


FALSE RECOGNITION OF AN' 


TONYMS AND SYNONYMS: 


SAMUEL FILLENBAUM 2 
University of North Carolina at Chapel Hill 


For each item in a 240-word list tha 


it had occurred 
errors for (a 


indicate whether or not 
more false recognition 
preceding words than for control 
associative relation to preceding 


It has been suggested that a word is understood 
and may be represented in memory as an ordered 
list of features or attributes (see, eg., Bower, 
1967). Such an approach not only has the virtue 
of economy, since inevitably the number of ele- 
mentary meaning processes (markers) out of which 
the meaning of words is constructed will be vastly 
less than the number of different words, but also 
allows us to conceive of the meaning relations 
among words in terms of overlap in their com- 
ponent markers. 

The study of systematic properties of errors in 
recall may tell us something about the way in 
Which items are understood and stored. In par- 
United siale utt Pid cout w rof MHIOS rb, rom 
National Institute of Mental Health. The author is greatly 
indebted to Sandra Funk for her aid in all hases of the work, 

? Requests for reprints should be sent to Samuel Fillenbaum, 


Department of Psychology, University of North Carolina, 
Chapel Hill, North’ Carolina 27314, 


items matched with 
words, 
the antonym and synonym conditions. 


earlier work of Anisfeld and Knapp on f 
taken as evidence for the view that a 
memory as a complex of features or attributes, 
ring when information on some feature(s) i 


t was orally presented, Ss had to 
previously. There were significantly 
) antonyms and (b) synonyms of 
a and b for strength of 
There was no difference between 
These findings, which extend some 
alse recognition for Synonyms, were 
Word is understood and stored in 


systematic errors occur- 
5 lost. 


ticular, given an interest i 
one may examine recognit: 
where words stand in E 
relation to each other. 

and Knapp (1968), usir 
technique. 


In problems of meaning, 
10n Errors in a situation 
ome specifiable semantic 
This was done by Anisfeld 
Ng a continuous recognition 
that Synonyms of preced- 


0 cantly more often falsely 
recognized than were control words and also dem- 


onstrated that such findings could not be regarded 
simply as artifacts of testing, but stemmed from 
the initial coding of the words. These data are 
clearly consistent with the aforementioned view, 
VIZ, that a word is stored as a feature complex, 
If some of these features are disregarded or lost, 
then the Synonym of a word, which has most of 
the same attribute values as the word itself, may 
well. be falsely recognized as having occurred 
Previously. The authors interpret their data in 
Precisely these terms. However, while consistent 
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with such a view, these data on synonym con- 
fusion do not require it. Consider that just as one 
may store the gist of a sentence, so one may store 
the sense of a word, ie. note the concept em- 
bodied or realized in that word, and that concept 
need not be analyzed as a feature complex. Now, 
when a new word is encountered, one may check 
to determine whether or not the concept that it 
represents has occurred previously, and if the 
answer is “yes,” one may say that the word has 
occurred previously. Given that synonyms embody 
roughly the same concept, one could thus readily 
account for the findings of Anisfeld and Knapp. 
Obviously, what is needed is a task that may per- 
mit us to discriminate between these two interpre- 
tations. A situation where one tests for false 
recognition of antonyms may do just this. On the 
feature complex view, one can account for the 
closeness of opposites by noting that for any 
antonymous pair, all semantic markers save one 
will be identical, the two words contrasting in their 
value on that feature or attribute. If information 
on the critical contrasting feature is lost, then an 
antonym may well be falsely recognized as having 
Occurred previously. On the more global interpre- 
tation previously noted, the two members of an 
antonym pair in fact represent opposite concepts, 
and one should therefore expect little confusion 
between them. These considerations governed the 
Choice of the antonymy relation in the present 
Study, which may be seen essentially as a replica- 
tion and extension of the work of Anisfeld and 
Knapp by means of an assessment of false recog- 
nition errors both for antonyms and synonyms. 

Method. Since it has been shown previously 
that associatively related items may be falsely 
Tecognized (Anisfeld & Knapp, 1968), and since 
it is also well known that antonymous items are 
Often highly related in associative terms (see, 
&g., Deese, 1965), it will not do simply to take 
antonymous terms (or synonymous ones) and test 
Or false recognition. Rather, what is required is 
that the degree of associative relation be controlled 
While the conceptual relation among item pairs 1s 
Systematically varied. i . 

A list was constructed so as to contain preceding 
(P) words and following (F) words (plus some 
ller items). The critical relation was that be- 
tween P and F words. There were three possible 
relations: (a) An F word might be a synonym 
(syn) of a P word; (b) an F word might be an 
antonym (ant) of a P word; or, (c) an E e) 
Might be neither synonym nor antonym (contro ). 
he “Atlas of Normative Free Association Data 
Compiled by Shapiro and Palermo (1968), which 
lists the associative probabilities of primary re- 
SPonses obtained in a variety of studies, was 
Searched for words with primaries in the ranges 
vita compatible with ririh regard ke 
ater recall t does not, seem to matter very muc betban 

as occurred n times in one lange occurred with & 


translati; D 
f lon equivalents of 
quency’ of 5/2 (Kolers, 1966). 
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:30—39, 40-49, and .50-.59. Control item pairs 
were selected from these ranges, as well as pairs 
satisfying the synonymy condition and the an- 
tonymy condition. In each case there were 7 pairs 
from the .30-.39 range, 6 from the .40-.49 range, 
and 7 from the .50—59 range, for a total of 20 
item pairs in each condition. Items for the three 
conditions were matched for strength of associa- 
tive relation. The mean values for the synonym, 
antonym, and control conditions were .438, .437, and 
440, respectively. Since we also wished to exam- 
ine possible misrecognition effects for antonyms 
only weakly related in associative terms, some of 
the association lists cited by Shapiro and Palermo 
were searched for word pairs that were antonymous 
but where the associative probability was less than 
-10 (ant-low-ass) ; 10 such pairs were selected. 

In the list there were 70 different P words and 
70 different F words. Each P word appeared 
twice in different positions before its F word ap- 
peared, the two tokens of each P word being 
within 20-50 positions of each other, and each F 
word appeared within 20-50 positions after the 
second token of its P word. This accounts for 
210 words. In addition, there were 30 filler words. 
These occurred in the first 10 positions on the 
list and near and at the end of the list. 

The list of 240 words was tape-recorded, the 
words being presented at 5-sec. intervals. Each 
word was recorded twice in immediate succession 
so as to make it more likely that it would be 
heard correctly. The tape was played to Ss in 
groups of about 10. For each word, S had to 
indicate on his response sheet by marking + or — 
whether or not it had occurred previously on the 
list. The Ss were instructed to guess when in 
doubt and asked not to omit any items. 

There were 79 Ss, students meeting a course re- 
quirement for introductory psychology. 

Results and discussion—For each S, the number 
of false recognitions was noted for each of the 
four classes of items, and analyses were performed 
on the error proportions, with each S as his own 
control by serving in all conditions of a repeated- 
measures design. 

While the error rate in the Anisfeld and Knapp 
(1968) study was 5-6%, it was 15-16% in the 
present study. This difference is reasonable 
enough if it is recalled that in the earlier study 
each P word was presented three times for 10 
sec. each, while in the present study each P word 
was presented only twice for 5 sec. each.* 

The mean proportions of false recognition errors 
for the syn, ant, control and ant-low-ass condi- 
tions were .170, .193, .117, and .136. An analysis 
of variance on the error proportions yielded a 
highly significant S effect, F (78, 234) =7.54, p 
< .001, and, more to the point, a highly significant 

4 The relatively low rate of false alarms indicates that 
verbatim memory is good in the present situation and should 
serve to remind us that there may be other components of 


word coding and storage than those discussed here, e.g., 
storage may also take place in terms of the phonological 


properties of words. 
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conditions effect, F (3, 234) —1405, p< .001. 
Contrasting the various means by use of ¢ tests, it 
was found that both the syn and ant conditions 
yielded significantly more false recognitions than 
the control condition, #’s (78) — 5.12 and 6.63, re- 
spectively, p < .001 in each case, and that the dif- 
íerence between the íormer conditions was not 
significant. Nor was the difference between the 
ant-low-ass and the control condition significant. 
There was a difference between syn and ant-low- 
ass, £ (78) = 248, p «.05, which is uninterpretable 
since both the nature of the conceptual relation 
and the strength of the associative relation differ 
between these conditions, and finally there was a 
difference between ant and ant-low-ass, t (78) = 
3.80, p<.01, suggesting that the strength of the 
associative relation between items may be a de- 
terminant of false recognitions, a result consistent 
with earlier findings. 

The fact that there is no difference in propor- 
tion of false recognition errors between the syn 
condition (p=.170) and the ant condition (p= 
193) argues for the view that storage is in terms 
of some feature or attribute complex; otherwise, 
e.g, on a more global "concept storage” view, one 
would surely expect the former condition to yield 
more errors than the latter. The fact that there 
is no difference between the ant-low-ass condition 
(p =.136) and the control condition (p= .117) 
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indicates again the importance of the semantic or 
conceptual relation between items, for, as noted 
earlier, the control condition is one with substan- 
tial associative relation between items (mean asso- 
ciative probability = .440). Thus the fact that 
items are opposites more than balances the much 
lower associative relation that holds in the ant- 
low-ass condition. Finally, and perhaps most im- 
portant, both the syn and the ant conditions yielded 
significantly more false recognition errors than 
the control condition with which these conditions 
were matched in terms of strength of associative 
relation. All these findings are mutually compati- 
ble and consistent with the hypothesis that a word 


is coded and stored in memory as a feature or 
attribute complex. 
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NOISE, TASK DIFFICULTY, AND STROOP COLOR-WORD 
PERFORMANCE 


B. KENT HOUSTON 2 


University of Texas at Austin 


Sixty-four college students performed either a high- or low-difficulty Stroop 
color-word (CW) task or high- or low-difficulty color-name (CN) task in 


a condition of either quiet (Q) or continuous noise (N). 


It was predicted 


that N would facilitate performance on the CW tasks, but not performance 


on high-difficulty tasks generally. 


Both predictions were supported. 


Pulse 


rate data taken immediately after Q or N did not indicate that N had 


produced physiological arousal. 


The results are discussed in terms of an 


interaction between the inhibitory process involved in ignoring N and the 
inhibitory process of ignoring the conflicting cues in CW. 


Houston and Jones (1967) found that the pres- 
ence of continuous, variable noise which S was 
Instructed to ignore facilitated performance on a 
task which required him to inhibit responses to 
Interfering cues (viz, the Stroop Color-Word 
Interference Test), but did not do so on a task 
Which did not involve inhibition (viz, a color- 
Naming task). In the Stroop color-word test 

W) the test items are the names of colors, each 
of which is printed in another color of ink; e.g., 
the word “red” might be printed in blue ink. The 
S is asked to name the color in which each word 
is printed, and in order to be successful at this 
task, S must inhibit responding to the word itself. 
A task similar to CW but which does not require 
inhibition of a prominent response is the color- 
naming task (CN). In CN, Ss are asked to name 

© color of ink in which ap gen p 
Printed (eg, asterisks, letters, color bars, etc.J. 

The TE of the Houston and Jones (1967) 
study were interpreted as being due to an inter- 
action between inhibitory processes. It was hy- 
Pothesized that inhibiting a response to one source 
Of extraneous stimuli (e.g, the noises) facilitates 
inhibiting response to another source of extrane- 
us stimuli (eg, ignoring the conflicting color 
names in CW). 
There were two purposes of the present study. 
irs, since in the Houston and Jones ae 
Udy significantly more time was require 
complete CW ee CN, F (1, 41) = 421.07 p< 

1, it is possible that noise facilitated perform- 
ance on CW because it was more difficult, than CN 
rather than because it required more inhibition. 

erefore, in the present experiment, high- and 
low-difficulty ‘versions of CW and CN were studied 
| Order to assess whether task difficulty interacts 
With noise. 

is i itted 
© EN ys 
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ipt. This investigatii 
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The second purpose was to obtain some mez 
sure of the extent to which the noise condition em 
ployed in these studies generated physiologicz 
arousal. This was done because noise has bee 
reported to generate physiological arousal (cí 
Freeman, 1939), and it has been hypothesized tha 
a moderate increase in arousal decreases a person' 
attention to cues which are peripheral to task per 
formance (Easterbrook, 1959). "Therefore, if th 
presence of noise in the Houston and Jone 
(1967) study produced arousal, the arousal, inde 
pendent of S's trying to ignore the noise, ma; 
have decreased his attention to the interfering cue: 
in CW, thereby facilitating performance on it. Tc 
provide information on this question, Ss’ pulse 
rates were taken immediately after performing ir 
quiet or noise, and differences in pulse rates be- 
tween the two conditions were compared. 

Method.—The general procedure was to study 
performance on high- and low-difficulty versions of 
CW and CN in a continuous noise (N) condition 
in which Ss had been instructed to ignore the 
sounds and in a quiet (Q) condition in which no 
noise was introduced. 

In N, a variety of tape-recorded noises (e.g. 
trains, gibberish, electronic music, etc.) were 
played to Ss through earphones at an average 
sound intensity of 78 db. The difficulty level of 
CW and CN were manipulated as follows. "Three 
easily discriminated colors (red, yellow, and blue) 
were used for low-difficulty versions of CW and 
CN. Six less distinctly different colors (yellow, 
pink, orange, red, green, and blue) were employed 
in high-difficulty versions. In addition, the dis- 
criminability of these colors was decreased by 
decreasing the saturation and/or brightness of the 
six colors used. While in the first study, the 
items in CN consisted of five asterisks printed in 
the same color, a series of four H's were used in 
this study. 

Sixty-four Ss participated in the experiment and 
were randomly assigned to perform one of the 
four tasks: high- or low-difficulty CW or high- 
or low-difficulty CN, in one of the two treatment 
conditions, Q or N. Time to completion of each 
task was recorded and constituted the dependent 
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TABLE 1 


N TIME (IN SEC.) TO COMPLETE CoLon-Wonp (CW) AND 
Ms CorLon-NAME (CN) Tasks For Two LEVELS OF 
DIFFICULTY UNDER THE EXPERIMENTAL 
CONDITIONS 


Low difficulty High difficulty 


Task 
Quiet Noise Quiet Noise 
W 63.2 62.4 70.6 64.6 
wy 38.0 44.5 49.1 56.8 


measure. Immediately following task completion, 
E took S's radial pulse manually, and the number 
of beats occuring during 15 sec. was recorded. 

Results.—The means for the time taken to com- 
plete the experimental tasks, CW and CN, for the 
two levels oí difficulty in the two treatment condi- 
tions, Q and N, are presented in Table 1. Upon 
inspection of the means, it may be seen that for 
both levels of difficulty, the time required to com- 
plete CW was less in N than Q and time to com- 
plete CN was greater in N than in Q. An analy- 
sis of variance indicated that this Treatments X 
Tasks interaction was significant, F (1, 32) = 4.54, 
p<.05, while the Treatments x Difficulty Level 
interaction was not significant, F (1, 32) =.16. 
The same analysis of variance indicated that the 
difficulty manipulation was Successful in creating 
versions of the tasks that differed significantly in 
times to completion (high difficulty > low diffi- 
culty), F (1, 32) =1121, p<.01. A significant 
difference in times required to complete the tasks 
(CW » CN) was also indicated, F (1, 32) = 54.12, 
$ < 001. 

The mean numbers o 


f pulse beats in 15 sec, after 
the two treatment 


conditions were as follows : gs 


v4 An analysis of variance 
cated this difference in pulse rate betwe: 


conditions was not significant, 


indi- 
en the two 
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Discussion —The absence of a significant Treat- 
ment X Difficulty Level interaction indicates that 
performance on CW in Houston and Jones' (1967) 
study was not due to the fact that it was "just" 
more difficult than CN. The significant Treat- 
ments X Tasks interaction corroborates the find- 
ings of Houston and Jones’ study that inhibition 
of attending to noise facilitates performance on a 
task requiring inhibition (CW), but does not do so 
for a similar task (CN) which does not require 
inhibition of the same magnitude, 

The data on pulse rate failed to reveal 
crease in physiological arousal follow. 
to the noise condition, While the 
arousal employed here is sufficient to 
changes in arousal, it may not be sensit 
changes which could have therefore 
tected. Significant Conditions x Tasks 
were obtained in this and Houston and J 
yet no significant Tasks x Tre 
have been obtained in studies 
performance in which arousa 
energizing drugs 
Therefore, 


in arousal if Produced by N 


an in- 
ing exposure 
measure of 
detect large 
ive to small 
gone unde- 
interactions 
ones’ study, 
atments interactions 
of arousal and Cw 
l was generated by 
& Talland, 1962), 
hat a small increase 
could account for the 
y and Houston and 
: consideration increases the 
credibility of the interpretation of the two studies 
in terms of an interaction between the inhibitory , 
processes involved in not responding to the two 
sources of irrelevant stimuli, 
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The second family of curves (divider, 
DBG) indicates that the introduction of a 
divider produces an obvious reduction of 
slope for only S2, whereas there is an 
obvious reduction of slope for all Ss viewing 
LBG sectors when the divider is introduced. 
Spatial changes in matched luminance values 
are nearly eliminated for Ss 1 and 3 and are 
sharply reduced for Ss 2 and 4. Under this 
condition, the mean matching luminance to 
Sector 6 is only 1.5 db greater than Sector 
10. 


Discussion 


The important feature of the data presented 
in Fig. 1 is the regular spatial change in 
matched luminance value that occurs for 
Koffka's ring in the absence of any divider. 
The more tentative view based on the pilot 
investigation reported in the introduction is, 
therefore, confirmed. 

It is instructive to compare the outcome of 
this experiment with that of Berman and Leibo- 
witz (1965), who had their Ss match one half 
of a transilluminated “figure 8" (DBG) to 
the other half (LGB). Their Ss were in- 
structed "not to try to match any one section 
of the figure with any other section, but to 
make the best overall match possible [p. 253]." 
Under these conditions, they report finding 
"considerable subjective contrast . . . in the 
absence of any dividing line between the two 
halves of the figure . . . [p. 256]." They sug- 
gest that the reason contrast effects are “prob- 
ably not noticeable in the more familiar demon- 
strations of this phenomenon using paper stim- 
uli,” might be related to the presence of a 
“visible microstructure of the paper surface. . . 
[p. 256].” Of course, the pilot investigation 
reported earlier makes it clear that contrast is 
noticeable under analytic instructions when 
using paper stimuli. 

One possible explanation for the usual failure 
to obtain reports of brightness differences when 
using paper examples of Koffka’s ring is ap- 
pealing in its simplicity. In the typical paper 
illustration, the O becomes “aware” that the 
gray ring is constructed of the same material 
throughout. When instructed to regard the 
ring as a whole, this “awareness” becomes the 
principal determinant of the verbal report. 
Stated otherwise, a cognitive report is sub- 
stituted for a perceptual report. If this aware- 
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ness is mediated by observing continuity in 
the visible microstructure of the paper surface, 
then the present hypothesis and that of Berman 
and Leibowitz (1965) are quite similar. 
Certain features of the present experiment 
provide an interesting comparison to other data 
in the contrast literature. If, rather than mak- 
ing use of Ss’ attentional focus, the apparatus 
had been designed to permit the isolation and 
presentation of individual sectors, then ob- 
servations made under the DBG condition 
would represent a common treatment condition 
in contrast experiments. A change in sector 
position would then constitute a manipulation 
of the separation (and orientation) between 
test (sector) and inducing (LBG) fields. It 
would then be expected that test brightness 
would decay as the separation between test and 
inducing fields was reduced, with the inhibition 
of brightness becoming proportionately greater 
at small separations (Leibowitz, Mote, & Thur- 
low, 1953). The DBG data of Fig. 1 are con- 
sistent with this description, 
; Unfortunately, there is relatively little data 
in the contrast literature that is clearly related 
to the LBG data of Fig. 1.. Using a Macbeth 
disc-annulus type of target configuration, 
Stevens (1967) demonstrated that increasing 
the width of the annulus from a small initial 
value produces a rapid decline in disc bright- 
ness that quickly reaches asymptote. A maxi- 
mal inhibitory effect is exerted upon a 2° 12’ 
disc by an annulus less than 1° in width. In 
the present experiment, Sector 6 of the ring, 
while bordering the DBG, is flanked by a large 
area of LBG. If the increased embeddedness 
of Sector 10 within the LBG is analogous to 
an increase in the area of the inducing field 
(annulus) in Stevens’ experiment, in the vicin- 
ity of asymptote, then little change in matched 
luminance as a function of sector position 
would be expected. This reasoning produces 
a conclusion consistent with the LBG divider 
data of Fig. 1. It also contains the basis for 
subsequent experiments, ie, the present ex- 
periment, or one like it, should be replicated 
under conditions permitting the physical iso- 
lation of component figure parts. This reason- 
ing, unfortunately, does not provide an ex- 
planation for the LBG no-divider data. Per- 
haps, somewhat paradoxically, it is the exist- 
ence of a luminance gradient under the no- 
divider condition that constitutes the demon- 
stration of the good figural properties Koffka 
claimed for the ring. 
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INFORMATION PURCHASE IN A DECISION TASK FOLLOWING THE 


PRESENTATION OF FREE INFORMATION? 


GORDON F. PITZ? ann HELEN REINHOLD BARRETT 


Southern Illinois University 


Previous studies have found that Ss make riskier decisions following the 
purchase of larger amounts of information. One possible explanation is 
that the subjective probability of being correct increases with the sample 
size alone. In three experiments, Ss were presented with 0, 2, 4, or 6 items 
of íree information and were permitted to purchase additional amounts prior 
to making a decision. There was statistically significant evidence in at 
least two of the experiments that less information was purchased following 
larger amounts of free information, with probabilities held constant, sup- 


porting the original hypothesis. 


However, the magnitude of the effect was 


slight and was not enough to account for the earlier results. 


Many situations requiring a decision in- 
volve some degree of uncertainty concerning 
the eventual outcome, and it is frequently 
possible to defer the choice until relevant 
information has been found to reduce the 
uncertainty. Acquiring relevant information 
usually entails some cost, monetary or other- 
wise, however ; and it is necessary to balance 
the increasing cost of additional information 
against the increasing reduction of uncer- 
tainty. This problem has been analyzed 
within the context of statistical decision 
theory (e.g., Raiffa, 1968), and a series of 
papers has investigated the problem from a 
descriptive point of view (Pitz, 1968, 1969a, 
1969b; Pitz, Reinhold, & Geller, 1969). 

The typical experimental task requires Ss 
to choose between two hypotheses on the 
basis of relevant but unreliable information. 
There is a known probability (P) of pre- 
dicting correctly from any one item of in- 
formation, and since successive items are 
conditionally independent of each other, the 
probability of making a correct decision may 
be increased by purchasing additional in- 


1This study was supported in part by Grant 
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of Southern Illinois University. Experiment OS 
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formation. A detailed description of the 
task is given by Pitz et al. (1969). The 
probability of making a correct decision 1s 
a function only of the difference (d) be- 
tween the number of events predicting each 
of the two decisions. Hence, the optimal 
strategy for purchasing information is to 
request additional items until d reaches some 
critical value. 

One result found in all studies is that Ss 
tend to make riskier decisions following the 
purchase of larger amounts of information 
than they make after purchasing less infor- 
mation. If a sequence of information is 
highly diagnostic early, ie., if most of the 
early items point to the same decision, Ss 
will make a response with a high probability 
of being correct. If, however, the early 
items are equivocal, Ss will settle for mak- 
ing a decision with a smaller probability of 
being correct. It is as if they use a critical 
value of d that decreases as the sample size 
(n) increases. Similar results were ob- 
served in a study by Sanders and Ter Linden 
(1967). The effect of this behavior some- 
times is to reduce markedly the amount of 
money that Ss can expect to win. This 
result is in contrast to the effect of merely 
purchasing a nonoptimal amount of infor- 
mation; purchasing too much or too little 
information typically has very little effect on 
the expected monetary gains, providing that 
a roughly constant critical value of d is used- 

Within the normative framework of sta- 
tistical decision theory, there are at least 
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two possible explanations for the observed 
decreasing critical d. The Ss may believe 
that the probability of making a correct de- 
cision is greater following larger sample 
Sizes, regardless of the objective probabili- 
ties; ie, the subjective probability for the 
favored decision may increase as a function 
of n alone, as well as increase with d. An 
alternative explanation is that the negative 
utility for the cost of information increases 
as a function of sample size, Ss being un- 
willing to “throw good money after bad”; 
l.e., Ss may set an upper limit on the amount 
of information they are willing to purchase 
if the early information does not lead to a 
clear decision. 

In order to understand behavior more 
completely in an information-seeking task, 
it would be advantageous to know more 
about Ss’ opinions following the purchase of 
information. In an unpublished experi- 
ment? Ss gave confidence judgments for 
their decisions following the purchase of 
information. However, the error variance 
in the results was large, and it was felt that 
Tequiring Ss to consider two tasks simul- 
taneously, the purchasing of information and 
the giving of a confidence judgment, resulted 
in their paying too little attention to the 
Confidence task. Insofar as a trend was 
Observable in the results, it did not support 
the hypothesis of a subjective probability 
Increasing as a function of sample size. Con- 
fidence in a decision was greater when the 
Objective probability of being correct was 
Sreater, but when objective probability was 
held constant, confidence tended to decrease 
as a function of sample size. Similar re- 
Sults were observed in an experiment by 
Pitz (1967), in which the only task was 
the giving of a confidence judgment. Con- 

dence in a decision increased as a function 
of d and decreased as a function of n with 
d held constant. an ; 

An alternative way of examining Ss 
beliefs that does not require the use of a 
Second task is to provide them with the 
OPportunity of purchasing additional in- 
formation, Tt is assumed that the more 


* The experiment was conducted by D. M. pay: 
Details of the results are available from the firs 
Uthor, 
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certain Ss are that a decision would be cor- 
rect, the less additional information they 
require before making a decision. In the 
present experiments, Ss were provided with 
a variable amount of information free of 
charge and were then given the opportunity 
to buy more before making a decision. This 
procedure permits a distinction to be made 
between the two hypotheses mentioned 
earlier. In the earlier studies it was not 
possible to discriminate between the two, 
since sample size and investment in money 
increased simultaneously. However, during 
the presentation of free information, sample 
size increases, but the investment in money 
does not. Optimally, the amount of infor- 
mation purchased following a given amount 
of free information should be a function only 
of the objective probabilities (and hence of 
d) following the free information. How- 
ever, this would not be the case if subjective 
probability increases as a function both of 
d and of n independently of d; the informa- 
tion purchased would vary inversely with 
both the probability of making a correct de- 
cision after the free information and the 
amount of free information. 


METHOD 


Procedure.—Details of the procedure may be 
found in Pitz (1969a, or 19695). Briefly, Ss were 
told to predict on each trial which of two hypoth- 
eses was correct, each hypothesis having a prior 
probability of .5. Any number of initial tests 
could be made before making a decision, and each 
test would predict the eventual outcome with prob- 
ability .6. In the scale of values used for this 
task, tests cost $1 each, correct decisions were 
worth $100, and incorrect decisions cost $100. 

Design.—Information was presented to Ss in 
two stages. First, a fixed amount of free informa- 
tion was presented, either 0, 2, 4, or 6 items. 
Each item of free information consisted of a test 
that was made free of charge; this free, prior 
information represented the starting point for each 
decision problem. The amount of free informa- 
tion is referred to as mp, or prior n; and the dif- 
ference between the two types following free in- 
formation is referred to as dp, or prior d. Fol- 
lowing the free information, Ss specified the 
amount of costly information they desired before 
making a decision. 

Three separate experiments were run, the pre- 
sentation of information being slightly different ip 
each experiment. The first (Exp. OS) used an 
“optional stopping” procedure in which Ss pur- 
chased the costly information one item at a time, 
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deciding after each item whether or not to re- 
quest more. This was the procedure used in 
earlier experiments. The value of s, was varied 
randomly from trial to trial. Two experiments 
(FS, and FS2) used a "fixed stopping” procedure 
in which, following the free information, Ss speci- 
fied the exact amount of costly information they 
wished to receive; i.e., rather than purchase in- 
formation one item at a time, the entire sample 
size was determined in advance. In Exp. FS; the 
amount of free information was varied randomly, 
as in Exp. OS. In Exp. FS, all trials using a 
given value of mp» were presented in a single block, 
and the order of blocks was balanced in a Latin 
square design. Group 1 received free information 
in the order 0, 2, 4, 6 items; Group 2, the order 
2, 6, 0, 4; Group 3, the order 4, 0, 6, 2; and Group 
4, the order 6, 4, 2, 0. 

Since the analysis of data was performed in 
terms of m, and d, jointly, it was necessary that 
each value of dp occur reasonably often for each 
value of np. Consequently, more trials were given 
with the larger values of s, In Exp. OS and 
FS; 80 trials were given; n, of 0, 2, 4, and 6 
were presented 8, 16, 24, and 32 times, respectively. 
In Exp. FS, 100 trials were used; and mp of 0, 
2, 4, and 6 were presented 13, 22, 29, and 36 times, 
respectively. 

Forty Ss were used in Exp. OS and in Exp. FS;. 
In Exp. FSs, four groups of 14 Ss each were used. 
All Ss were male volunteers from an introductory 
psychology course who received partial course 
credit for their participation. In addition, they 
received a small amount of money, ostensively the 
amount depending upon their performance during 
the experiment. In fact, to avoid legal problems, 
all Ss were later paid $1.70. 


RESULTS 


The data from Exp. OS were used to 
determine whether Ss were indeed giving 
riskier decisions as sample size increased. 
The procedure for evaluating strategies of 
information seeking is described in detail by 
Pitz et al. (1969), and the detailed analysis 
of the present data may be found in Rein- 
hold (1968). As in all other studies, it was 
observed that Ss behaved as if they adopted 
a critical d that decreased as » increased. 

The major analysis in all three experi- 
ments was a determination of the amount 
of costly information purchased as a joint 
function of » and dp. The number of items 
of costly information, referred to as "e, 
should depend for an optimal S only on dy, 
not on p, and should be smaller the larger 
the value of dy. Specifically, in fixed stop- 
ping experiments, Ss should have purchased 
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23 items for dy = 0, 18 for dp = 2, and 9 for 
d,=4. In the optional stopping case, ne 
should have been a random variable, with an 
expected value of 19.2 for dp = 0, 15.9 for 
d, = 2, and 5.8 for d, = 4. Figure 1 shows 
the average value of n, as a joint function 
of np and d, for the three experiments. All 
showed very similar results; the average 
amount of information purchased decreased 
as dp increased, but was generally much less 
than was optimal; and with d, held con- 
stant there was a tendency for less informa- 
tion to be purchased following larger values 
of np. There were, however, some reversals 
of the latter trend. 

Since the effect on n, of np with dp held 
constant was of major interest, the following 
procedure was used to test for the signifi- 
cance of the trends shown in Fig. 1. Aver- 
age values of n, were computed for each S 
for each a, and dy. There are six possible 
orthogonal comparisons that may be made 
between means at differing values of mp and 
a constant value of dp. There is one such 
comparison for d, of 4, i.e., between mp of 
6 and 4; there are two comparisons possible 
for dy of 2, e.g., one for n, of 6 vs. np of 4 
and one for the combined n, of 6 and 4 vs. 
ny of 2; finally, there are three possible com- 
parisons at dy of 0. Defining a “success” 
as an orthogonal comparison for which the 
average ne was larger for the smaller n, 
a count was made of the number of “suc- 
cesses” (0-6) for each S. The frequency 
of Ss in each of the seven categories was 
tabulated, and a chi-square test was made 
of the null hypothesis that the frequencies 
were binomially distributed with probability 
.5. The procedure may be clarified by refer- 
ence to Table 1, in which the relevant fre- 
quencies are tabulated. In order to obtain 
the minimum required expected frequencies 
in each category, it was necessary to com- 
bine Ss with 0 and 1 “successes” and with 5 
and 6 “successes.” Since there were, then, 
five categories, the chi-square statistic had 
4 df. The data from the four groups of 
Exp. FS» were combined for this analysis 
since the results for the four groups did not 
appear to differ. 


Using this procedure, the smaller mean 
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EXPERIMENT OS 


INFORMATION PURCHASED, nc 


O 2 4 6 (0) 


EXPERIMENT FSI 
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EXPERIMENT FS2 


4 6 Oo 2 4 6 


AMOUNT OF FREE INFORMATION, np 


Fic. 1. 


Ne for larger np was significant for Exp. OS 
and FS, y? (4) =31.27 and 2845, re- 
Spectively, p < .01. For Exp. FSs, x* (4) 
= 12.04, p < .05, and for the four separate 
groups of Exp. FS», the individual chi- 
Square values were not significant at any 
reasonable level of f. 


DISCUSSION 


The results of at least two of the three ex- 
Periments provide statistically significant evi- 
dence that the amount of information pur- 
Chased decreased as the amount of free in- 
formation increased, with objective probabili- 
ties held constant. In absolute terms, however, 
this effect was slight; and with the large num- 
er of Ss used in the experiments, the power 
Of the statistical tests was high. The conclu- 


TABLE 1 


Frequency or Ss iN Each EXPERIMENT WITH 
” 
Eacu NUMBER oF ‘SUCCESSES 


= 
Exp. 
„Number of T 
Successes" 

os FSi FS: 

Oori 0 2 ó 

2 6 5 o 

3 8 10 14 

4 11 9 18 

Sor6 15 14 12 


Note, —“Success"' is defined as one orthogonal comparison for 


Whi 
Ich ne was larger for the smaller np- 


Mean amount of costly information (^e) purchased as a function 
of mp and d, in the three experiments. 


sion must be that if subjective probability does 
indeed increase solely as a function of sample 
size, the effect must be small. The increase 
in subjective probability implied by the results 
of Fig. 1 is not nearly sufficient to account for 
the degree of increase in risk of decisions 
observed in other studies. One may conclude, 
then, that in optional stopping tasks, Ss make 
riskier decisions as 7: increases largely because 
of limits on the amount of information they 
will purchase. One problem remains, however. 
The trend of the results as a function of np 
in Fig. 1 is the reverse of that found when 
Ss gave a judgment of confidence in a decision 
(Pitz, 1967). That is, Ss’ confidence decreased 
as a function of n, and yet they required less 
additional information as a function of n in 
the present study. The reason for this ap- 
parent contradiction is not clear. 

The S who is behaving optimally would 
allow the purchase of costly information to 
depend only on the objective probabilities fol- 
lowing the free information. In the present 
experiments, the objective probability is related 
directly to dy, the difference between the two 
kinds of events following free information; the 
larger the value of d,, the less subsequent in- 
formation should be requested. It may be 
observed from Fig. 1 that Ss did indeed re- 
spond in this way, and the effect was present 
for all Ss almost without exception. However, 
under most conditions there was a gross under- 
buying of information. For d, — 0, Ss reduced 
their expected gains by more than one-third as 
a result of this underbuying, while as d, in- 
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creased, behavior became more optimal. Look- 
ing at it another way, the extent to which n. 
decreased as a function of d, was considerably 
less than optimal. The effect of d, on infor- 
mation purchase was much greater under con- 
ditions of optional stopping, when Ss purchased 
information one item at a time, than it was 
under conditions of fixed stopping, when they 
specified beforehand the amount of informa- 
tion they wished to purchase. It is likely that 
the fixed stopping procedure encouraged Ss to 
think in terms of constant sample sizes. It 
was not the intent in the present study to com- 
pare OS and FS procedures; such a compari- 
son has been made by Fried and Peterson 
(1969). It might be noted, however, that per- 
formance was general more optimal in the 
OS condition. 
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TRANSFORMATIONS ON SETS IN SHORT-TERM MEMORY 
SET SIZE REDUCTION BY DELETION! 


DONALD V. DEROSA? 


Bowling Green State University 


An individual's ability to delete items from a memorized set was examined in a 
short-term recognition memory task. A first (positive) set of four different items 
was followed by a second (deletion) set. Items in the second set that were iden- 
tical to items in the positive set were to be deleted from the positiveset. A test 
stimulus was presented following the last item to be deleted, and S made a posi- 
tive response if the test element was identical to any item in the set of items that 
remained positive and a negative response otherwise. Reaction time (RT) to 
the test item indicated: (a) that Ss performed a deletion operation and (b) that 
the deletion operation was most difficult when the deletion set was composed of 
both items to be deleted and items not present in the positive set. Attention 
was given to an examination of the results in terms of strategies of memory 


search. 


Posner (1967) has emphasized the impor- 
tance of examining the functions that short- 
term memory (STM) plays in human infor- 
mation processing. One use of an STM 
mechanism he describes is that of opera- 
tional memory, where information in long- 
term memory is activated and used in prob- 
lem solving. This use of STM is similar to 
the "workspace" notion described by Hil- 
Eard and Bower (1966) and the active 
memory proposed by Sternberg (1968). 

If STM is used as a workspace where 
mental operations are performed, it may be 
Possible to examine an individual's ability 
to perform a transformation on a set of 
items that has been recently perceived. ; In 
the present investigation, the principal 
Operation investigated was deletion. — 

The task is a variation of a recognition 
memory task used by Sternberg (1966). 
In his investigation, a trial consisted of a 
serial presentation of a subset of digits 
drawn from the set of 10 single digits (0-9). 
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The presented digits defined a set referred 
to as the positive set, while its complement 
(digits not presented) was referred to as the 
negative set. Following the last item of the 
positive set, a probe digit was shown, and 
S was to respond with a first (positive) re- 
sponse if the probe stimulus was identical 
to any member of the positive set and with 
a second (negative) response otherwise. 
Sternberg varied the size of the positive set 
and examined reaction time (RT) to posi- 
tive and negative probes as a function of 
the size of the positive set. Reactions to 
both positive and negative probes increased 
linearly as a function of the size of the posi- 
tiveset. Moreover, the slopes of both func- 
tions were the same. 

Sternberg (1966) views these results as 
support for a serial exhaustive model of 
memory search. The model proposes that 
an internal representation of the test 
stimulus is compared successively to sym- 
bols in memory, each comparison resulting 
in either a match or a mismatch. The time 
from the beginning of one comparison to 
the beginning of the next (the comparison 
time) has the same value for successive com- 
parisons. A positive response is made if 
there has been a match and a negative re- 
sponse otherwise. The search is serial since 
comparisons are made successively. The 
search is exhaustive because the search does 
not terminate when a match has been made, 


but continues until all possible comparisons 
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have been made. Therefore, linear func- 
tions relating search time to size of the posi- 
tive set should yield equal slopes for both 
positive and negative responses. 

The subtraction task.—In the subtraction 
task, the enumeration of the positive (P) 
set on one display cell is followed by a 
second series of digits presented on a second 
display cell. The second sequence defines 
the deletion (D) set. Those items in D 
that are identical to members of P are to be 
deleted from P and regarded as negative- 
set items. Those items in D which are not 
identical to P elements are also regarded as 
negative items. 

Table 1 provides an illustration of a 
single trial. The digits of P are shown 


TABLE 1 
ILLUSTRATION OF A SINGLE TRIAL 


Serial position 
Some possible 
probes 


P Set D Set 
Correct 
1 2 2 4 1 2 3 | Probe | responce 
4 7 9 3 7 3 5 4 Yes 
8 No 
5 No 
7 No 


Note.—P = positive; D = deletion. 


serially and followed by a sequential pres- 
entation of D items. After the termination 
of D, a single test stimulus or probe is dis- 
played. In the example in Table 1, the P 
set is reduced from an original set (4, 7, 9, 3) 
of Size 4, n(P) = 4, to a net P set (4, 9), of 
Size 2, (P — D) = 2. The D set (7, 3, 5) 
contains three digits, z(D) = 3, two digits 
(7, 3) which are in P and a third (5) which 
is not in P. 

The digits in the D set can be described 
as active (Da) and inactive (Di) items. 
Presentation of an item in P “activates” 
an item ; on subsequent presentation of the 
same item in D, it is an active item that is 
being deleted from P. Consequently, items 
in D that also appeared in P are termed 
Dactive or Da items. An item not presented 
in P is inactive when it is shown in D and is 
therefore a Dinactive or Dr item. In Table 
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1, 7 and 3 are active items, since they were 
presented in P, whereas 5 is inactive. 
Probes may be selected from among four 
types of items based on a digit's state prior 
to the D set and its state following the D 
set. The four types of items and the rea- 
sons for their being positive or negative are 
as follows: (a) An element will be positive 
if it was a member of P but not D (PD); 
(b) an element will be negative if it was 
not a member of P or D (PD), a member of 
D but not P (PD), or both a member of P 
and a member of D (PD). Probe Stimulus 
4 illustrates the only condition under which 
an item will be positive at the time of thc 
test. Probes 8, 5, and 7 are negative 
probes, which illustrate in the preceding 
order the circumstances under which a 
negative response is appropriate. 

It is noteworthy that correct responding 
is not contingent on the performance of a 
deletion operation. A nondeletion strategy 
might involve the storage of all presented 
items, with each item being tagged as a 
P or D element. When a probe is pre- 
sented, a search of a memorial representa- 
tion of the digits and their tags could be 
initiated to determine the present state of 
the test digit. 

It is possible to formulate alternative 
search strategies that might accompany a 
nondeletion operation. For example, Ss 
might first compare the test digit to each 
P item (forward exhaustive search) at the 
end of the search, and a “no” response 
would be initiated if a match has not been 
detected. If a match is made, a subsequent 
search of D is necessary to determine if the 
item is also present in D. If the test item 
is in D, then a “no” response is appropriate ; 
otherwise, "yes" is the correct response. 
Assuming that each comparison takes a 
constant unit of time and that the search 
through the subsets is exhaustive, reactions 
to elements which were members of P (PD 
and PD) should be slower than reactions to 
items not present in P (PD and PD) since 
under this model a search of D is necessary 
following a match in P. Since an exhaus- 
tive search of D is also assumed, no differ- 
ence in RT should exist for the PD and PD 
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probe types. Each would result in the maxi- 
mum number of comparisons:z (P) + 2 (D). 

The model described here is illustrative. 
It defines a nondeletion strategy for a 
forward (P searched first) exhaustive 
search. Other nondeletion strategies lead 
to different predictions for the various 
probe types. If Ss use a nondeletion strat- 
egy, the determination of the characteris- 
tics of the search employed should be 
reasonably straightforward. 

All nondeletion strategies place an in- 
creasing load on S as the size of D increases. 
When n(P) = 4 and z(D) = 1, 2, or 3, S 
must store a total of 5, 6, and 7 P and D 
items, respectively. The S, therefore, in 
no way takes advantage of the possible 
reduction in memory load by eliminating 
P items that are presented in D. Non- 
reduction strategies therefore would not 
predict a decrease in RT to positive probes 
as a function of decreases in 7» (P — D) pro- 
duced by the presence of active items in D. 
A deletion strategy, on the other hand, 
might allow S to compare the probe digit 
to a P set reduced in size by the previous 
deletion of items from the P set. Reaction 
time should be sensitive to this reduction if 
Ss compare the probe digit to a smaller 
P — D set. 

In the present 
major concern is W 


study, one question of 
hether the reduction in 


Size P by deletion will be reflected in faster 
RTs for smaller P — D sets. It was noted 
Previously that the RTs for positive and 
negative reactions had been shown to be a 
Positive linear function of size of the posi- 
tive set (Sternberg, 1966). In this study, 
Positive and negative reactions can be ex- 
amined as a function of #(P p D). If Ss 
Search a reduced positive set 1n the same 
Way that they would search a P set not 
followed by any D set, similar slopes should 


ed for functions relating positive- 


be evi : 
videnc 
and unreduced P 


Set size to RT for reduced 
Sets of equal net size. 


METHOD 
were 16 male undergraduate 


for their participation in 


Subjects.—The Ss 
ch condition of 


Volunteers, who were paid Mel 
the experiment. All Ss served 1n €? 


the experiment. 
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Apparatus.—The Ss were tested individually in 
a sound-deadened isolation chamber. Stimuli were 
presented on the viewing faces of three rear-projec- 
tion display cells (I. E. E. Series 10,000), which were 
mounted at eye level on a panel approximately 3 ft. 
in front of S. Two cells were horizontally adjacent. 
The left cell provided the presentation of the P set. 
The D set was shown on the right cell. A probe cell 
was mounted below and centered between the two 
upper cells. 

A microphone monitored Ss’ vocal responses and 
also served to activate a voice key. The Ss were in- 
structed to say “yes” if the probe digit was identical 
to any item in the P — D set and “no” otherwise. 
The voice key turned off the stimulus, advanced the 
paper tape reader, and activated a digital recorder, 
which printed RTs to the nearest .001 sec. 

Experimental conditions and procedure.—The ex- 
perimental conditions are summarized in Table 2. 


TABLE 2 


SCHEMATIC REPRESENTATION OF 
EXPERIMENTAL CONDITIONS 


Gond n(P) n(D) n(P — D) 
1-0-1 1 0 1 
2-0-2 2 0 2 
3-0-3 3 0 3 
4-0-4 4 0 4 
4-1-3 4 1 3 
4-1-4 4 1 i 
4-2-2 4 2 2 
4-2-3 4 2 E 
4-2-4 4 2 H 
4-3-1 4 3 1 
4-3-2 4 3 2 
4-3-3 4 3 3 
4-3-4 4 3 4 


Each condition is described by three numerals. The 
first numeral corresponds to the size of P, n (P). The 
second designates the size of D, n (D). The net P 
set size is indicated by the third numeral, »(P — D). 
For example, in Cond. 4-1-3, n(P) = 4, n(D) = 1, 
and 2(P — D) = 3. In this condition, the single 
digit in D had to be an active (Da) item since P is 
reduced to three items. 

Stimuli from the P and D sets were white on a 
black ground and were presented at a rate of 3/sec 
Each stimulus was displayed for 200 msec. and was 
followed by a 130-msec. off time. There was no 
delay between the last digit of P and the first item 
in D. The time between the termination of the last 
digit of D and the onset of the probe was 750 msec. 
The probe stimulus remained on until 5 responded. 
A 1.5-sec. intertrial interval occurred between S's 
response and the beginning of the next trial. 

Ten program tapes were prepared to present 
blocks of trials to Ss. Within each tape or list, n (D) 
was constant at 0, 1, 2, or 3. When D contained Da 
items, these were selected systematically such that 
items at each serial position in P were represented 
equally often in D. Inactive (Di) items in D were 
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chosen randomly from among those digits not pres- 
ent in P. The serial positions within D of the se- 
lected Da and Dy items were varied systematically, 
so that each item appeared equally often at each 
serial position in D. : 

Two constraints were imposed on the choice of a 
probestimulus. First, equal probabilities of positive 
and negative probes were maintained by equating 
the number of probes identical to items in P — D 
with the number of probes for items not in P — D. 
Secondly, probe stimuli were identical to items in 
each serial position of P and D equally often. 

With these constraints, 400 trials were selected 
for use in the experiment. The 400 trials were 
divided into 10 lists or blocks of 40 trials in the 
following manner: A first list randomly intermixed 
trials for Cond. 1-0-1, 2-0-2, 3-0-3, and 4-0-4, the 
base-line conditions for which there were no deletion 
items. A second list presented trials in which z(P) 
=4 and z(D) — 1. Four lists were prepared for 
conditions in which z(P) = 4 and n(D) = 2, and 
4 were prepared for conditions when z(D) = 3. 
Within each list, trials representative of the different 
conditions were randomly arranged. 

Each block of trials was preceded by 4 lead-in 
trials, which had the same characteristics as the 40 
experimental trials. Data from the lead-in trials 
were recorded but not included in the data analyses. 

Pretraining and pretesting session.—One week be- 
fore the experiment, Ss reported for a 35-min. pre- 
training and pretesting session. During this session, 
Ss were acquainted with the manner in which P and 
D items would be displayed. Each probe remained 
on until S responded. Instructions encouraged Ss 
to respond rapidly and accurately. The Ss were 
given four blocks of 20 trials each, one block corre- 
sponding to each D-set size. In the first block, n (P) 
was either 1, 2, 3, or 4 and 1(D) was 0. In the three 
remaining blocks, n(P) was always 4 and »(D) was 
either 1, 2, or 3. The four blocks were first pre- 
sented at a rate of two digits per second in the order 
n(D) = 0, 1, 2, and 3. Following the fourth block, 
the stimuli were presented again in the same order 
at a rate of three digits per second, a rate identical 
to that of the actual experiment. 

For each S in each block, mean RTs for correct 
responses and error percentage were tabulated. Of 
the 19 Ss who participated in pretraining, 3 were not 
invited to participate in the experiment. Their 
error rates were 35%, 47%, and 53% when n (P) = 4 
and n(D) = 3 at the fast presentation rate. All 
other Ss had error rates of less than 25% in this 
condition. The mean error rate over all trials of 
pretraining was 12% for all 16 Ss. . 

Experimental sessions.—The 10 experimental 
blocks were presented once in a 1-hr. experimental 
session. Four sessions were run for each S on 4 con- 
secutive days. The order of presentation for the 10 
blocks was determined randomly each day for each 
S. Each session began with a warm-up block of 20 
trials. This block was identical to the pretraining 
block, where #(P) = 4 and n(D) = 1. These trials 
were scored for accuracy and speed, but not included 


in the data analysis. 
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Prior to a block of trials, Ss were always told the 
number of items that would appear on the left cell 
(P) and the number of items that would appear on 
the right cell (D). For the block with z(D) = 0, 
Ss were informed that P would be either one, two, 
three, or four digits followed by a probe stimulus. 
Each block of trials was preceded by a green warning 
signal shown on the upper left cell (P cell). The 
warning signal remained on until S said, "Ready," 
and then the trials began. Each block lasted ap- 
proximately 3.5 min. A 2-min. rest period followed 
each block, and a 5-min. rest was given after the 
fifth block. Over the four experimental sessions, 
40 blocks of trials were presented and 1,600 re- 
sponses (40X40) were obtained from each S. 


RESULTS 


The principal analyses of the data were 
based on mean RTs for correct responses 
computed separately for each S. None of 
the Ss had error rates higher than 25%, and 
the average error rate for the entire experi- 
ment was approximately 10%. 

Positive sets not followed by deletion sets.— 

The RT results for the base-line conditions 
are shown in Fig. 1. Here, RT to positive 
and negative probes is plotted as a function 
of 2(P) when P varied and no D items were 
shown. The most noteworthy feature of 
these data is the linear relationship between 
n(P) and RT. All 16 Ss evidenced indi- 
vidual curves like the average curves in that 
all had a positive slope. The z(P) vari- 
able was significant, F (3, 45) = 115.38, 
p «.001. In addition, only the linear 
component of z(P) reached significance, 
F (1, 15) = 148.59, p < .001. All orthog- 
onal components of the z(P) X Responses 
interaction failed to reach significance, in- 
dicating that the two curves in Fig. 1 do 
not differ significantly in any aspect of 
trend. The slope for positive reactions is 
45 msec. per unit increase in (P), and the 
comparable function for negative reactions 
is 46 msec. This result is consistent with 
Sternberg's (1966) serial exhaustive model 
of memory search. 
_ Deletion sets containing all active or all 
inactive items.—The left panel of Fig. 2 
depicts the effect of size of D, 2(D), when 
all items in D are active. As n(D) varies 
from 3 to 1, the net number of items that 
remain positive varies from 1 to 3; larger 
D sets result in smaller «(P — D) sets when 
all D items are active. 
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Each curve in the left panel of Fig. 2 
corresponds to a unique type of probe 
(either PD, PD, or PD). The PD curve 
represents means for those trials when the 
probe digit was identical to an item in 
P— D. The PD function represents the 
means for those trials when the probe digit 
was not identical to any digit in P or in D. 
Both the PD and the PD curves demon- 
Strate the typical relationship between RT 
and size of the positive set: as z(P — D) 
increases, RT increases. The slopes of 
these two functions are 47.0 and 34.0 msec. 
per unit increase in 2(P — D) for the PD 
and PD probes, respectively. 

The curve labeled PD represents nega- 
tive reactions to probes present in both P 
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and D. This curve departs noticeably from 
the relationship between RT and z(P — D) 
observed for the other curves in the figure. 
Specifically, the PD curve initially increases 
as n(P — D) increases from 1 to 2, but 
then drops sharply from 2 to 3. 

The variance attributable to z(P — D) 
was divided into linear and quadratic com- 
ponents, each of which was significant, 
linear F (1, 15) = 14.07, p < .01; and 
quadratic F (1, 15) = 14.89, p < .01. A 
separate analysis including only PD and 
PD yielded no z(P — D) X Type of Probe 
interaction, F (2, 30) = 1.96, p > .05. It 
is noteworthy that these two probe types 
are most like the positive and negative 
probes employed when a positive set was 
not followed by D items (see Fig. 1). The 


@—@ POSITIVE PROBES 
O—O NEGATIVE PROBES 


Le MESE 


. Mean RT to positive 
TM r^ the positive set, ? (B); 


n(P) 


and negative probes as a function of the size 
when P was not followed by D items. 
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PD curve represents reactions to items that 
were positive and presented once. The PD 
curve represents negative reactions to items 
that were never seen in P or D. The PD 
curve, on the other hand, represents reac- 
tions to items that were formerly positive, 
but whose state was changed due to pres- 
ence in D. 

Apart from the PD curve, the data re- 
flect the importance of size of the net posi- 
tive set on RT. Furthermore, the data are 
consistent with a hypothesis that S is 
searching a reduced positive set exhaus- 
tively since the curves for PD and PD are 
parallel. 

Finally, the absolute level of curves in 
the left portion of Fig. 2 is about 100 msec. 
higher than the level for the two curves in 
Fig. 1. This increase in vertical displace- 
ment for positive sets reduced in size by 
D sets may be a consequence of the addi- 


1 2 3 


n(P-D) 
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tional time in store for remaining P items 
since these were followed by D items. 
Items residing in STM for longer periods 
of time may be less accessible than recently 
perceived items. 

The data for reactions to positive and 
negative probes when all items in D are 
inactive are shown in the right panel of 
Fig. 2. In this figure, 2(D) varies, but 
"(P — D) is constant at 4 since none of the 
items in P appear in D. Reactions to PD, 
PD, and PD probes are illustrated in the 
figure. A PD probe is one which is identical 
to a member of D, but not a member of P. 

A striking feature of the data in the right 
panel of Fig. 2 is the absence of a significant 
slope in the three curves. All three func- 
tions are essentially flat, with slopes of 8, 9, 
and 7 msec. per unit increase in z(D) for 
PD, PD, and PD, respectively. The results 
of an analysis performed on these data in- 
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dicated that the only significant variable 
Was type of probe, F (2, 30) = 12.609, 
b < 001. A separate analysis including 
Only the two negative probe types (PD and 
PD) indicated that the two types of probe 
id not differ significantly, F (1, 15) = 3.42, 
Ż 2.05. All other main effects and inter- 
actions were not significant. These data 
indicate that when #(P — D) is constant 
and #(D) varies, RT is not influenced by 
the number of elements in D. . 
Deletion sets containing both active and 
‘nactive items —Figure 3, like Fig. 2, shows 
as a function of the (D). In this in- 
Stance, the data summarize positive and 
Negative reactions to items which did not 


ean RT to positive (PD) and negative (PD) probes « 
are composed of both active and inactive items. (The 


present in D is given next to each data point.) 
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n(D) 


PD) probes as a function 


appear in D. For the first time, data are 
plotted for conditions in which both active 
and inactive items were included in the 
D set. 

Interpretation of the curves in Fig. 3 is 
facilitated by an example. One may con- 
sider a positive set, 8-2-3-7. If followed by 
a D set, 2-7, reactions to a positive probe of 
3 would be included in the data for the 
lower point on the lowest curve since 
n(D) = 2, a(P — D) = 2, and there are 
zero inactive items in D (see legend beside 
data point). If the D set is changed to 
2-5-7, the addition of one inactive item (5) 
creates a condition in which n (D) = 3 and 
n(P — D) = 2 (upper data point on lower 
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curve in Fig. 3). In other words, the points 
on any one curve in Fig. 3 show the effects 
of interpolating increasing numbers of in- 
active terms between P and the probe. 
These effects are shown separately for posi- 
tive responses (PD) and negative responses 
(PD) and conditions in which there are two 
Da items, z(P — D) = 2, and one D, item, 
n(P — D) = 3, in the D set. 

The general finding is clear: Increasing 
the size of D by increasing the number of 
inactive items in D lengthens RT. All 
curves in Fig. 3 have a positive slope. For 
PD and PD, the slopes are 44.0 and 46 
msec., respectively, when z(P — D) = 2. 
When z(P — D) = 3, the comparable fig- 
ures are 26.0 and 10.0, respectively. An 
analysis performed on the data for z(D) 


700 


650 


600 


550 


500 


450 


MEAN REACTION TIME IN MILLISECONDS 


Fic. 4. Mean RT to positive probes as a function of n(P — D). 
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— 2 and 3 repeats the earlier finding that 
n(P — D) has a significant effect on RT, 
F (1, 15) = 10.09, p < .01. 

The effect of D sets containing both ac- 
tive and inactive items is depicted again in 
Fig. 4, but in a different manner. In this 
figure, positive reactions are shown for all 
combinations of P and D as a function of 
n(P — D). The three upper curves are for 
n(P) = 4 followed by either 1, 2, or 3 D 
items. The number of D; items present in 
D is shown beside each data point for the 
three functions. The lower curve is iden- 
tical to the lower curve in Fig. 1 and shows 
positive reactions when z(P) was either 1, 
2, 3, or 4 items but was not followed by a 
D set. The three upper curves were each 
analyzed separately. The curve for (P) 
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Fic. 5. Mean RT to positive and negative probes as a function of the corre- 
: lation between the ordinal positions of identical items in P and D. 


^ 4 and 2 (D) = 1 does not have a signifi- 
cant slope, F (1, 15) = -878 p> 05. 
imilarly, the function for #(P) = 4 and 
™(D) = 2 does not have a significant linear 
Component, F (1, 15) = 1.94, p > .05, but 
oes have a reliable quadratic component, 
(1, 15) = 33.99, p < .001. Finally, the 
JPDermost function for n(P) = 4 and n (D) 
~ 3 has both significant linear, F (1, 13) 
~ 15.25, p <.01, and quadratic compo- 
nents, p (1, 15) = 4441, p < 001. 
1 hese results demonstrate paid ponie 
.TSt, the in point out that positive-se 
SA is a punta determinant of RT. 
qacondly, the quadratic components evi- 
thaced in the 4-2 and 4-3 curves illustrate 
a € importance of the presence of both Da 
. t items in D. It is especially clear 


fro : 

two the uppermost curve that processing 

m types of D items on the same tria’ | 
sets in 


Whig difficult for Ss than processing 
al) <P the D items are homogeneous, 
Active or all inactive. 


either 


Order correspondence between P and D 
items.—The serial nature of the deletion 
task encourages an examination of the order 
correspondence between identical items in 
P and D. Perhaps deletion would be a 
simpler task if the order of items in D is 
identical to the order in which items to be 
deleted were shown in P. 

The effects of the order correlation be- 
tween items in P and identical items pre- 
sented in D are shown in Fig. 5. Rank corre- 
lations were computed to describe the con- 
sistency of the order in which active items 
occurred in D with the order in which the 
same items appeared in P. For example, if 
P were 4, 7, 9, 3 and D were 4, 9, 3, the 
value of the rank order correlation between 
the two sets would be + 1.00. The 7 pres- 
ent in P but not D is disregarded in cal- 
culating the correlation coefficient. For P 
sets of Size 4 followed by a D set containing 
three active items, four possible coefficients 
exist, + 1.00, 4-.50, — .50, and — 1.00. 
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When P sets of Size 4 precede a D set having 
only two active items and no inactive items, 
the correlation coefficient is either + 1.00 
or — 1.00. 

The data summarized are for D sets con- 
taining only active items. Four curves are 
depicted. The two curves with triangles as 
data points represent reactions when z(P) 
= 4 and D was two Da items. The two 
remaining curves, with circles as data 
points, represent reactions when n(P) =4 
and D contained three active items. 

The correlation variable appears to have 
no influence on RT. All four curves in Fig. 
5 are essentially flat. The results of two 
analyses performed separately on the data 
for P sets followed by two active items and 
P sets followed by three active items indi- 
cated no significant effect of the order 
variable: F (1,15) = .84, p> .05, for 
Da = 2;and F (3, 45) = 2.27, p > .05, for 
Da, = 3. 


TABLE 3 
SUMMARY OF ERROR DATA 
Mean percentage 
of errors 
Cond, | x(P) | &(D) | n(P — D) 
Positive | Negative 
probes probes 
0 H 1 1.6 
j 1 0 2 2.0 12 
3 3 0 3 3.9 1.6 
4 4 0 4 5.8 1.4 
5 4 1 3 10.2 6.8 
6 4 1 4 8.4 5:2 
7 4 2 2 13.5 12.1 
8 4 2 3 15.8 9.9 
9 4 2 4 7.9 6.6 
10 4 3 1 14.4 9.7 
11 4 3 2 20.3 11.3 
12 4 3 3 17.8 9.1 
13 4 3 4 12.0 5.4 


Summary of errors.—Table 3 summarizes 
the errors for each condition of the experi- 
ment. The mean percentage of errors is 
shown for positive and negative probes. 
The errors for positive probes reflect the 
failure to recognize a probe as identical toa 
positive item. The errors for negative 
probes constitute the false detection of a 
positive item. 

In general, the pattern of errors parallels 
the RT data. Those conditions yielding the 
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longest RTs are typically the same as those 
that evidence the largest proportion of er- 
rors. For example, it was noted that posi- 
tive RTs were longest when D contained 
both active and inactive items. In Table 
3, Cond. 8, 11, and 12 correspond to condi- 
tions in which both active and inactive 
items appeared in D. Errors are generally 
most frequent in these conditions. 

A second characteristic of the data is the 
fact that errors are more frequent for posi- 
tive probes than for negative probes in all 
13 conditions. The more frequent error 
(saying “no” to a positive probe) represents 
an error of omission. The S mistakenly 
fails to find an item in the P set that is 
actually there. The errors to negative 
probes constitute errors of commission. 


The S finds something in P that is not 
there, 


DISCUSSION 


The results demonstrate that when P sets 
are not followed by D items, reactions to both 
positive and negative probes increase linearly 
as a function of n(P) (see Fig. 1). Further- 
more, the equality of the slopes for positive 
and negative reactions is consistent with the 


serial exhaustive search model proposed by 
Sternberg (1966). 


When P sets are followed by D sets contain- 
ing all active or all inactive elements, the data 
are generally consistent with the proposition 
that Ss do perform a deletion operation. In 
support of this hypothesis is the observation 
of linear increases in RT to positive (PD) 
and negative (PD) probes as a function of 
n(P — D). Furthermore, when all D items are 
active (see left panel of Fig. 2), the slopes for 
reactions to PD and PD were approximately 
equal to each other and to the slopes observed 
for positive and negative reactions when no D 
items preceded the probe (see Fig. 1). 

When all items in the D set are active, 
changes in n(P — D) and z(D) are perfectly 
confounded and negatively correlated. Might 
not the above findings be interpreted as à 
simple consequence of changes in 1 (D) instead 
of #(P — D)? ‘The answer is negative for 
two reasons. First, RT would not be expected 
to vary inversely with (D) (see left panel of 
Fig. 2). Second, when the two variables are 
no longer confounded because only inactive 
items are present in D, the two sets of function? 
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relating RT to z(D) are strikingly different 
(see left and right panels of Fig. 2). 
Additional support for a deletion strat- 
egy comes from the observation that when 
"(P — D) was constant at 4 (see right panel 
of Fig. 2), reactions to PD and PD were not 
significantly different. That is, negative reac- 
tions to Dr items were not reliably faster than 
reactions to nonpresented items. Had the two 
Sets of curves differed significantly, the infer- 
ence might have been drawn that the two types 
of items have unique representations in mem- 
ory, contrary to a pure deletion notion. 
One notable exception to a deletion interpre- 
tation is present in the data when homogeneous 
Sets are used. The curve labeled PD in the 
left panel of Fig. 2 initially increases as 
n(P — D) increases from 1 to 2, but it then 
drops when &(P — D) = 3. This single de- 
viant data point is based on reactions to Da 
items when D consisted of only one Da item. 
eactions to the single Da item were quite fast. 
Ne possible explanation for this result is that 
the last D item is still “active” in memory and 
à probe can in some way be directly compared 


to it. This conjecture is not without limita- 
tion, 


It is apparent that when a single Di 
clement is the only member of D (PD curve 
in Fig. 2), there is little reduction in RT to a 
Probe identical to a Dr element. Therefore, 
Hs May be best to limit the possibility of an 
active" memory item to only Da items. 
With D sets containing only Da items, the 
ack of a significant relationship between RT 
and the order correspondence in which identical 
“ements were presented in P and D lends in- 
rect support to a deletion interpretation. 
€ values of the rank order correlations did 
Ot produce systematic differences in RT. One 
Possible interpretation of this result may be 
tpeciated with the 750-msec. delay between 
* last D) item and the onset of the probe. 
ve delay may have been greater than the time 
ce Cessary to complete all deletions. If this is 
Tue, the effects of the order correlation may 
ave been manifest due to the length of the 
a lay; Perhaps a shorter delay would allow an 
i mination of this possibility and a better 
udight into the process of deletion. Even with 
* rather long interval and only Da items 1n 
th, the average RT is about 100 msec. longer 
with those observed in the base-line condit on 
ii th Comparable ;(P — D) sets. I ei “= She 
the Prehensible if one assumes that the longer 


«© ite . : the lower its proba- 
bilig m resides in STM, € test. The error 


da Y of retrieval at the time of tt 
' agree with this possibility Since error rates 
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were much greater for both positive and nega- 
tive probes when a D set was interpolated 
between P and the probe stimulus. 

The data for D sets containing both D4 and 
Dy are much less consistent with a simple dele- 
tion model. One aspect of the data agreeing 
with a deletion notion comes from the results 
when z(P) = 4and x(D) = 3. When RT was 
depicted as a function of z(P — D) (see top 
curve in Fig. 4), a significant linear component 
was observed. Here, 1 (D) remained constant, 
but the number of Da items (items to be de- 
leted) varied. 

The presence in Fig. 4 of a significant quad- 
ratic component in the functions relating RT 
to n(P — D) precludes a simple interpretation 
of the data. If Ss merely deleted items from 
P and compared the probe to the remaining 
items, functions relating RT to »(P — D) 
should not have been curvilinear. At a purely 
descriptive level, functions are curvilinear be- 
cause Ss experienced greater difficulty when D 
was composed of both active and inactive 
items. It is difficult to incorporate the eleva- 
tion of RTs observed in these conditions into 
a deletion model unless a more complex strat- 
egy is considered. The Ss reported that they 
knew after the D set was shown whether it 
contained all old (active) or all new (inactive) 
items; they also knew when D sets were mix- 
tures of active and inactive items. This ob- 
servation plus the nonlinear relationship be- 
tween RT and 7(P — D) suggests that Ss may 
have employed a complex strategy involving 
conditional decisions based on the composition 
of the D set. 

Alternative search models were applied to 
the data in an attempt to rationalize the curvi- 
linearity. One such model assumed that the 
starting point for search depended on an ini- 
tial detection of whether the D set was mixed 
(contained both Da and D; items) or unmixed. 
Suppose that deletions were performed and Ss 
formed a P — D set. At the same time, the 
D set was also available in memory. The Ss 
may have had a decision rule of the form: if D 
is unmixed, compare the probe to P — D items; 
and if D is mixed, compare the probe to the D 
elements. When D is searched first and if a 
match is made in D, a “no” response could be 
given. If a match was not made, S must ex- 
amine P — D to see if the test stimulus is con- 
tained within that set. Some aspects of the 
data are consistent with this strategy. The in- 
creases in RT to positive probes as a function of 
n(P — D) are predictable since the model as- 


sumes that P is reduced in size by deletion. 
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Also consonant with the model is the curvi- 
linearity observed in the two upper curves in 
Fig. 4. The points associated with D sets con- 
taining active and inactive items are elevated 
(middle two points in top curve and middle 
point in the z(P) = 4, n(D) = 2 function). 
This elevation of positive reactions is under- 
standable since a nonproductive search of D 
was conducted first. Another notable feature 
of the two middle data points in the uppermost 
curve in Fig. 4 is the fact that reactions were 
faster with two Da items and one Dy item than 
with one D4 item and two D; items. This re- 
sult is expected since with mixed D sets, D is 
examined first. A positive probe could not be 
matched by a search through D; therefore, Sis 
obligated to conduct a search of P — D. With 
n(P — D) = 2, a match would on the average 
be made sooner than with z(P — D)23. A 
final point concerns the overall elevation of the 
data for D-set conditions above the base-line 
condition. The model could account for this 
increase in vertical displacement by proposing 
that the initial decision of whether D is mixed 
or unmixed is a process that would add a con- 
stant amount of time to all D-set conditions. 

This more complex model must be considered 
incomplete for one of the same reasons the 
simpler deletion model was insufficient. With 
all D items active, negative reactions to Da 
probes should not have been faster than RTs 
to positive probes. However, in one instance, 
faster reactions were observed (with n(P) = 4 
and Da = 1 in left panel of Fig. 2). Reactions 
should have been faster to PD items since these 
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were examined first. A second reason for con- 
sidering the present model unsatisfactory is 
that reactions to Dr items were sometimes 
slower than reactions to PD items when D sets 
were mixed. These data were not described 
earlier, but in no instance should RTs to Dr 
items be faster than reactions to items in 
P — D when D was mixed. 

In summary, when D sets contain either all 
active or all inactive elements, most features 
of the data agree with the proposition that Ss 
delete items from P and search the P — D set. 
Difficulties of interpretation occur when D con- 
tains mixtures of both active and inactive 
items. A simple deletion model cannot ac- 
count for all of the results. The possibility 
that Ss used a more complex strategy based on 
the composition of D seems to provide a rea- 
sonable alternative, although it too has some 
notable limitations. 
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PATTERN RECOGNITION: 


DIFFERENCES BETWEEN 


MATCHING PATTERNS TO 


PATTERNS AND MATCHING DESCRIPTIONS 
TO PATTERNS: 


GILLIAN COHEN ? 
Institute of Experimental Psychology, University of Oxford 


Same-difference reaction times (RTs) for matching patterns to patterns 
(the PP condition) and for matching descriptions to the same patterns (the 


DP condition) were compared. 


Three levels of pattern complexity and 


three interstimulus intervals (ISIs) were employed. Where the RTs for 
the two conditions do not differ, it is argued that S may be converting the 
first stimulus from a description to a visual code to perform the matching 
task. RTs diverge with increased complexity and with lengthened interval. 
The DP condition is more sensitive to increased complexity, and the PP 


condition is more sensitive to lengthened interval. 


Recognition involves matching a given 
stimulus to a representation of it formed and 
Stored in memory when it was previously 
encountered. A number of facts have 
emerged from recent studies on letter recog- 
nition, Visual matching, i.e., a judgment of 
Physical identity, is reliably faster than name 
Matching (Posner & Mitchell, 1967). But 
the superiority of visual matching begins to 
fall off as the interval between the first and 
Second presentations of the stimulus length- 
ens (Posner & Keele, 1967). It has also 

een established that matching is not neces- 
Sarily carried out in the same mode as the 
first presentation of the stimulus. The form 
Of the stored representation may be altered, 
and, consequently, the matching procedure 
employed may also be different. For in- 
Stance, in some conditions, S can transform 
an auditorily presented letter name and gen- 
erate from this a visual code producing rec- 
Ognition times equivalent to simple visual 
matching (Posner, Boies, Eichelman, & 

aylor, 1969). : 

The relative efficiency of the two matching 
Systems, visual and verbal, is affected by a 
Number of factors. Time interval has been 
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shown to be an important one. The gener- 
ation of a visual code for a single auditorily 
presented letter takes approximately 750 
msec.; on the other hand, the retention of 
unconverted visual coding seems more vul- 
nerable to decay since the superiority of 
visual matching declines rapidly. With long 
interstimulus intervals (ISIs), therefore, S 
may be forced to store the first stimulus 
verbally as well and, if the visual code is 
too degenerate, to employ a name-matching 
strategy. It seems likely also that the com- 
plexity of the stimulus will affect both gen- 
eration and retention. 

The present experiment was an explora- 
tory study designed to compare matching a 
pattern to a pattern with matching a visually 
presented written description to the pattern. 
In theory, S could convert the original stim- 
ulus from verbal information to a visual 
coding or vice versa. However, it is likely, 
as Posner et al. (1969) have suggested, that 
the ability to convert the original stimulus 
and retain it in the converted form may be 
facilitated or impeded by other factors. In 
the present study, the time interval between 
the original stimulus and the comparison 
stimulus was varied; and patterns, not let- 
ters, were used so that complexity could 
also be manipulated. The aim was to com- 
pare pattern-pattern matching (the PP con- 
dition) with description-pattern matching 
(the DP condition) and to discover how 
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these are differentially affected at various 
levels of both factors. 

Recent papers by Sekuler and Abrams 
(1968) and Nickerson (1967) give rise to 
the expectation that results for judgments 
of "same" will not follow the same trend 
as results for judgments of "different" since, 
they suggest, two different processes may be 
at work. Sekuler and Abrams found that Ss 
visually matching matrices of filled cells pro- 
duced judgments of "same" that were, up 
to a point, unaffected by increasing com- 
plexity or number of constituent elements 
in the matrix, although this was not the 
case for judgments of "different." From 
this data, they conclude that some form of 
gestalt, template, or parallel matching is pos- 
sible in judgments of visual sameness. The 
present experiment also served to explore 
the limits of this ability. 


METHOD 


Materials —The stimuli were made up as follows 
on 6 X 4 in. plain white cards. The patterns were 
of three types. 

The low-complexity (LC) patterns varied on 
two dimensions, with three possible values in each. 


RT. ( msec) 


LC 


Fic. 1. Mean RTs for low-complexity patterns 
with ISIs of 1, 3, and 5 sec. (All figures show 
same and different judgments for both PP and 
DP matching.) 
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Fic. 2. Mean RTs for medium-complexity 


patterns with ISIs of 1, 3, and 5 sec. 


They consisted of a shape (triangle, circle, or 
square) colored red, blue, or yellow. The shapes 
were cut from gummed colored paper and mounted 
on the cards. 

The medium-complexity (MC) patterns had 
three potentially relevant dimensions or features: 
the Shape, the color of the shape, as in LC, and in 
addition, the color of the spot which was always 
present in the center of the shape. The color of 
the spot was always different from the color oi 
the main shape, but was again limited to the three 
values, red, blue, or yellow. 

The high-complexity (HC) patterns had four 
relevant features: the shape, the color of the 
shape, and the color and Orientation of a stripe 
that was placed across the shape. The stripe color 
again was either red, blue, or yellow, but different 
from the color of the main shape. The orienta- 
Hun could be either diagonal, horizontal, or verti- 
cal. 

In the DP condition, the description was typed 
on the card. The following are examples: in the 
LC group, "a blue triangle"; in the MC group, “a 
red circle with a yellow spot"; and in the HC 
group, "a yellow square with a red vertical stripe." 

When the second stimulus was "same," the 
pattern was identical with the first stimulus (PP) 
Sr exactly accorded with the description. (DP). 
When the second stimulus was "different," only 
one feature was varied, but within each group 
each feature was varied equally often. 
_Subjects—Fight Ss completed the experiment. 
They were students from various disciplines, three 
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patterns with ISIs of 1, 3, and 5 sec. 


female and five male. All Ss were unaware of 


the aims of the experiment and unfamiliar with 
the background. Each S was run individually in 
Six sessions separated by a few days. They were 
Paid 5 shillings per session. . . 
Procedure.—The stimuli were viewed tachisto- 
Scopically, The patterns all subtended a visual 
angle of 27*, The typed descriptions subtended a 
Visual angle of 6.5°, approximately. The first 
Stimulus (whether pattern or description) was 
Presented for 2 sec., which allowed ample time for 


reading even the HC descriptions. It was pre- 
Ceded by a verbal warning signal from E. The 


was either 1, 3, or 5 sec. After the ISI, the 
Second stimulus was automatically presented and 
remained present until S terminated it by respond- 
ng. The onset of the second stimulus started a 
Venner timer, which was stopped by S's — 
€ response required was a key press. alf o 
" key with the dominant 


the. joel: 

S pressed the "same V 

hand and the "different" key with the nondomi- 

nant hand; half had the opposite sep. Si e 
ne S instructed to judge the second stimu 

- di first and to press the 


Same or different from the 
"prunis key as fast as possible, but to try to 
Void errors, At the beginning of a trial, S sat 
With his hands resting lightly on the response = 
faction times (RTs) and errors were recorde D 
aud S was told his RT after each trial. The inter- 
trial interval (ITI) was about 10 sec., and S 
rested briefly after each block of 18 trials. A 
lock of 30 practice trials with a different set of 


Practice cards preceded the experimental trials. 
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Also at each subsequent session, S began with 12 
practice trials, 4 each of the LC, MC, and HC 
types, with the ISI and matching condition (DP 
or PP) to be employed in that session. Each ses- 
sion lasted about 45 min. 

Design.—Four Ss had their first three sessions 
on the PP condition and their last three with the 
DP condition. The other four had the opposite 
order. At a single session, the ISI remained 
constant, but half of the Ss worked from the 
shortest interval at Session 1 to the longest at 
Session 3 and, similarly, from shortest to longest 
in Sessions 4-6. Half of the Ss worked in the 
other direction, starting each condition with the 
longest interval and proceeding to the shortest. 
Time intervals constant within sessions were used 
in preference to mixed time intervals since the 
effects of temporal uncertainty resulting from 
mixed time intervals would be confounded with 
the effects of the factors to be studied. 

Within each session, S had three blocks of 18 
trials, 54 in all. Half of the Ss started with the 
LC type for the first block, proceeding through 
MC to HC, while half had the order HC, MC, 
LC. It was thus possible to produce an exactly 
balanced Latin-square design, in which the order 
of the two matching conditions (DP and PP) and 
the two dependent variables (time interval and 
complexity) was different for each of the eight Ss. 
The aim was to eliminate the effects of practice as 
far as possible in the pooled data. The S was 
always informed at the beginning of a session of 
the timing, matching condition, and level of com- 
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plexity that would confront him. He was thus 
given opportunity to adjust his strategy accord- 
ingly. The "same" and "different" trials were 
randomly mixed, with the constraint that no more 
than three of one kind were consecutive. The 
order of the features varied in the “different” 
trials was also randomized. The response 
entropies were equal. 


RESULTS 


The mean RTs for the eight Ss are given 
in Table 1. Error scores were discarded 
from the data, and error trials were not re- 
placed. Two four-way analyses of variance 
were performed, one for the "same" RTs 
and one for the "different" RTs. In each, 
the factors were Ss, complexity, time inter- 
val, and matching condition. The results 
were significant. 

In the “same” RTs, the interval factor 
was significant, F (2, 28) — 14.04, P < .001, 
and the complexity factor was also signifi- 
cant, F (2, 28) = 23.43, < .001. The 
Matching Condition X Interval interaction 
was significant, F (2, 28) = 6.3, p<.01. 

In the “different” RTs, the interval was 
significant, F (2, 28) = 19.5, p «.001. The 
Matching Condition x Complexity interac- 
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medium-, and high-complexity patterns. 


tion was only just significant, F (2, 28) — 
3.53, p < .05. : 

The effect of the matching condition vari- 
able appears more clearly in a series of 
three-way analyses of variance. Separate 
analyses were carried out for the "same" 
RTs and for the "different" RTs at each 
of the three levels of complexity, HC, MC, 
and LC. In these, the factors were match- 
ing condition, interval, and Ss, The PP 
and DP matching conditions differed sig- 
nificantly only in the “same” HC block, F 
(2, 14) = 49, p < 05. In the "same" LC 
analysis, there was a significant Matching 
Condition X Interval interaction, F (2, 14) 
= 40, p < 05. In the "different" RTs, the 
DP and PP conditions did not yield a sig- 
nificant difference due to the considerable 
variance. A further series of two-way 
analyses in which the factors were Ss and 
matching condition showed that the “differ- 
ent” RTs did differ significantly in the HC 
S-sec. group, F (1, 14) = 264, p < .001, 
and in the MC 5-sec. group, F (1, 14) = 
8.5, p —.025. At other combinations of 
time interval and complexity, there was nO 
difference. The Newman-Keuls test (Winer, 
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TABLE 1 
Mean RTs wirH STANDARD DEVIATIONS POOLED Across EIGHT Ss 


Complexity 
Cond. Lc MC HC 
"EP | "SP | "Sr | usb | sr | CUP | SB | age | Sage 
PP same 
M 342 353 413 363 401 413 342 401 404 
SD 103 105 181 105 133 163 104 136 137 
DP same 
M 336 354 376 386 402 420 452 398 472 
SD 101 90 108 100 137 120 245 101 236 
PP different 
M 389 395 443 412 427 505 417 421 503 
SD 123 115 227 139 137 206 138 134 258 
DP different 
M 389 404 430 455 447 461 491 455 476 
SD 102 63 93 150 83 136 191 98 111 


1962) was used to determine which pairs of 
means differed significantly. The results 
can be summarized as follows. 


Differences between the Matching Conditions 
"Same" RTs.—At HC the visual match- 
ing condition is superior at both short and 
long intervals, but not at the intermediate 
3-sec, interval. At LC there is no differ- 
ence at 1 sec. and at 3 sec., but the PP 
condition is worse at the 5-sec. interval. At 
MC the two matching conditions do not 
x H ” LE 
"Different" RTs.—In the “different” RTs, 
a crossover effect occurs. The PP condi- 
tion is better at short intervals, but worse at 
long intervals at the MC and HC levels of 
complexity. 
Differences within the Matching C onditions 
The PP condition.—The “same” RTs in- 
Crease with interval, but not with complexity. 
The “different” RTs increase with both in- 
terval and complexity. 
. The DP condition—T 3 
increase with complexity, but the interval 
effect is slight. The "different" RTs in- 
Crease with complexity, but not with interval. 
These differences are all significant at 
the .01 level. 


he “same” RTs 


RTs with different features relevant 


Mean RTs of “different” judgments in 
the HC blocks were compared for each of 
the features that could be relevant at each 
of the time intervals: shape, color of shape, 
color of stripe, and orientation of stripe. 
RTs vary according to the feature in which 
the pattern differs. In the DP condition, 
the order from fastest to slowest was color 
of shape, color of stripe, shape, and stripe 
orientation. This order remained stable 
across all three time intervals, In the PP 
condition, the order varied at each time 
interval. 


Error Distribution 

Both matching conditions showed some 
increase in errors at the HC level. The 
DP condition produced a higher proportion 
of false positives to false negatives (71:39) 
than the PP condition (51:45). 


Practice Effects 
These are shown in Table 4. Perform- 
ance improved at each session except at 
Day 4 when all Ss changed conditions, 
The standard deviations from the means 
in all the data are large; this results from 
the occasionally very long RTs of over 1 
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TABLE 2 


Mean RTs WITH STANDARD DEVIATIONS For DIF- 
FERENT FEATURES RELEVANT IN “DIFFERENT” 
JUDGMENTS OF HiGH-CoMPLEXITY 
PATTERNS 
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TABLE 4 


Mean RTs WITH STANDARD DEVIATIONS POOLED 
ACROSS Ss FOR Successive Days 


Days 
Statistic = 

Relevant feature "A 2 3 | 4 | 5 6 

Cond. Stripe M 482 | 429 | 406 410 | 377 | 374 

Shape Color Stripe | orienta- SD 204 129 126 166 97 218 

color tion 
ra ISI Discussion 
M 474 392 388 428 Where the RTs for the two conditions do not 
SD 173 138 97 160 diverge, two inferences are possible. Either the 
DP two systems, name matching and visual match- 
M 504 387 454 557 ing, yield similar performances or conversion 
SD 83 80 129 230 has taken place in one condition, so that the 
ssec. ISI same matching system is being employed with 
PP equal efficiency in both conditions. Conversely, 
M 415 359 448 456 where RTs for the two conditions diverge, two 
SD 135 60 104 202 explanations are possible. Either the two 
DP matching Systems are not equally fast or conver- 
M 468 401 457 480 sion is inadequate, so that, although both condi- 
SD 67 53 109 133 tions employ the same matching procedure, effi- 
discs tid ciency is unequal. Clearly, the data of the 
PP present experiment do not provide conclusive 
M 570 460 462 538 evidence for either of these alternatives. How- 
SD 347 183 248 232 ever, some points of interest emerge from the 
results. 

DP PP condition —The "same" RTs increase 
pA 492 449 452 548 with interval as the visual coding decays over 
97 114 108 108 time. The results favor parallel matching of 


Sec, which occur in the data of all Ss. 
While these are most probably due to 
momentary lapses of attention and are dis- 
carded by some Es, they are retained here 
since there is no proof that their Occurrence 
is irrelevant. 


features since the RTs do not increase with 
complexity. The fact that PP "same" RTs are 
less affected by the lengthened interval than PP 
“different” RTs, especially at HC (see Fig. 3), 
requires explanation. When the second stimu- 
lus is identical with the first, it may serve to 
reactivate the visual trace, even if this has be- 
gun to decay: when the second stimulus is dif- 


TABLE 3 
Error DISTRIBUTION 
Complexity 
Cond. LE ME HC 

-sec. 3-sec. 5- l- s T 

"Br ist ist ir | ge | sge [JE SE. 
PP same 4 5 4 4 2 6 5 9 6 
DP same 3 3 2 1 3 3 9 7 8 
PP different 6 3 3 5 3 10 6 5 10 
DP different 8 4 8 10 7 11 7 4 12 


Note.—Each figure represents the number of errors out of a total of 72 trials, 
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ferent, this reactivation process is absent, and 
S must make his "different" judgment on the 
basis of the noisy or imprecise visual repre- 
sentation. The "different" RTs show that the 
more complex the visual coding, the less effi- 
cient it is for matching after some decay has 
taken place. The slope of the PP "different" 
Scores plotted against interval becomes steeper 
in the MC and HC groups (see Fig. 2 and 3). 

DP condition.—Three alternative explana- 
tions of the DP scores are possible: 


l. The § always matches verbally. If this 
is so, it is hard to see why performance de- 
clines at the longest intervals since a verbal 
code may take time to organize, but once or- 
ganized should remain stable. Also, on this 
interpretation it is necessary to assume that the 
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internal verbalization must be highly abbrevi- 
ated to produce RTs as fast as those obtained, 
and it must be reorganized in such a way as to 
reduce or obliterate the differences in number 
of syllables. Table 5 shows that RTs do not 
increase regularly with increases in the num- 
ber of syllables in the description. The origi- 
nal description must also be reordered since 
Table 4 shows that the relative speed of RTs 
for different relevant features does not reflect 
the order of the features as presented in the 
description. 

2. The S generates a visual code from the 
description and matches visually. On this in- 
terpretation, the V shape discernible in Fig. 2 
and 3 could be taken as evidence that the gen- 
eration of the more complex visual codes 


TABLE 5 


Mean RTs WITH STANDARD Deviations FOR DP JUDGMENTS WITH DESCRIPTIONS 
dis VARYING IN NUMBER OF SYLLABLES 


Complexity 


MC HC 


Description 


5-sec. 
ISI 


1-sec. 


3-sec. S-sec, I-sec, 3-sec. S-sec. 
ist ISI ISI ISI ISI 


EE eed 
2 syllables 
- lable: an 
SD 83 
3 syllables 
M 366 
SD 91 
4 syllables 
M 
SD 
5 syllables 
M 359 
SD 93 
6 syllables 
M 
SD 
7 syllables 
M 
SD 
8 syllables 
M 
SD 
9 syllables 
M 
SD 
10 syllables 
M 
SD 
11 syllables 
M 
SD 


392 
58 95 


415 
92 94 


411 
120 


401 
70 106 


94 101 150 


107 152 


97 82 


413 449 


429 
120 


444 


415 441 
129 


426 
196 103 


468 
235 


489 
140 


418 
111 90 


490 
240 


404 
122 94 


485 508 
105 169 128 
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reaches optimal efficiency at the intermediate 
time interval. E 

3. The .S switches between strategies, 
matching verbally at some time-complexity 
combinations and visually at others. 

Further work is obviously required to show 
which of these interpretations is correct. The 
results of the present experiment also differ in 
two respects from the findings of Posner and 
Keele (1967) and of Sekuler and Abrams 
(1968). The superiority of visual presentation 
does not break down until the ISI is between 
3 and 5 sec., whereas Posner and Keele found 
that it reduced to zero by 1.5 sec. This dif- 
ference may stem from the type of stimulus 
used here. The visual coding of a colored 
pattern may be more persistent than that of 
a letter, and the description of a pattern in- 
volving several words would be more difficult 
to convert than a letter name. The PP “same” 
RTs in the present experiment still remain 
constant when complexity is increased until the 
patterns contain four features, Sekuler and 
Abrams found that this constancy had already 
begun to break down when the number of 
filled cells in the matrix reached four. Again, 
the difference may be due to the type of stim- 
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ulus. A colored pattern could be easier to 
treat as a whole than a number of cells scat- 
tered in a matrix. It may also be easier to em- 
ploy a number of different feature analyzers in 


parallel than a single feature analyzer testing 
solely for location. 
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STIMULUS PROBABILITY AS A DETERMINANT OF 


DISCRETE CHOICE REACTION TIME 


HAROLD L. HAWKINS? anp KAREN HOSKING 
University of South Florida 


The present experiment was designed to test the hypothesis that stimulus 
probability is a critical determinant of choice reaction time (RT) only 
under conditions where the stimulus alternatives in question are represented 
within Ss positive set. The positive set refers to the array of stored 
alternatives against which the stimulus input on each trial is compared prior 
to response selection. The likelihood that a particular pair of unequally 
probable stimuli would appear in S’s positive set was varied across conditions 
by manipulating the pattern of S-R correspondences. Mean RTs, error 
frequencies, and subjective reports obtained under these conditions tended to 
support the experimental hypothesis. The implications of the findings are 
discussed with regard to recent studies investigating the relative significance 


of stimulus and response probability in choice RT. 


Beginning with the work of Donders 
(1868), many theoretical analyses of choice 
Teaction time (RT) have held that two basic 
decision-making operations intervene be- 
tween the stimulus and the response (eg., 
Smith, 1968; Welford, 1960; Woodworth, 
1938). The S must decide which of several 
Possible stimuli has appeared (stimulus 
Identification, or discrimination) and which 
of several possible responses is appropriate 
(response selection). However, the relative 
Significance of these two operations in the 
determination of choice RT remains unclear. 
Consider, e.g. the well-known finding that 
Choice RT varies as the inverse of the prob- 
ability of alternatives when stimuli and re- 
Sponses are in 1:1 correspondence (Fitts, 

eterson, & Wolpe, 1963; Leont’ev & 

tinchik, 1963). Does this result imply 
that less time is necessary to identify fre- 
Quently occurring stimuli or rather that less 
time is necessary to select frequently re- 
quired responses? Two recent attempts to 
Separate the effects of stimulus and response 
Probability through the use g many:1 = 
Correspondences offer contradictory answers. 
As pert of a larger study, Dillon (1966) 
assigned a set of seven unequally probable 
alphabetic symbols to one of a pair of un- 
Squally probable key-press responses, and a 
Set Consisting of a single symbol to another. 


* Requests for reprints should be sent to Harold 
s; Hawkins, Department of Psychology, Univer- 
ity of South Florida, Tampa, Florida 33620. 


Choice RT was found to increase as the 
inverse of response probability, which varied 
across Ss within the 1:1 S-R correspondence, 
but remained invariant across levels of stim- 
ulus probability within the many:1 map- 
ping. Consequently, Dillon concluded that 
anticipatory adjustments in the response se- 
lection phase of information processing, not 
in the stimulus identification phase, critically 
determine RT. Bertelson and Tisseyre 
(1966) assigned two alphabetic symbols to 
each of two unequally probable key-press 
responses, with stimulus probability varying 
within the more probable of the two stimulus 
sets. Contrary to Dillon’s findings, RT in- 
creased as the inverse of stimulus probability 
and remained constant across response prob- 
ability values. On this basis, it was con- 
cluded that bias in the stimulus identification 
process critically determines choice RT. 
Implicit in these and most other inter- 
pretations of choice RT data is the assump- 
tion that the anticipatory adjustments pro- 
ducing probability effects in RT are deter- 
mined by the informational properties of the 
total S-R array provided to S. A study by 
Sternberg (1966) has shown that this as- 
sumption may be incorrect under certain 
conditions. Prior to each RT trial (Exp. 
I), or block of trials (Exp. II), S was pre- 
sented with an array of items (positive set) 
drawn from the 10 digits. This set required 
one of two equiprobable lever-pull responses. 


All digits not prespecified (negative set) 


435 


436 HAROLD L. HAWKINS 
were assigned the other response. Under 
these conditions, RT increased with positive 
set size, but was uninfluenced by negative 
set size, suggesting that only the positive 
set had been maintained in memory and 
examined prior to response initiation. Re- 
sponses to members of the negative set pre- 
sumably were initiated when a match was 
not obtained between stimulus input and 
the stored set. Sternberg characterized the 
major independent variable in his study as 
set size. For present purposes, it is con- 
venient to view this variable as stimulus 
probability. Thus, e.g., as the size of the 
positive set increased, the occurrence prob- 
ability of any given alternative within this 
set declined. It should be emphasized that 
this alteration. does not necessarily imply 
any further modification of Sternberg's in- 
terpretation. 

This strategy, of selectively preattending 
only a portion of the total population of 
available relevant stimuli, is appropriate in 
many two-choice RT tasks, and in fact may 
be optimal because it minimizes the number 
of alternatives S$ must keep track of in mem- 
ory and interrogate prior to response selec- 
tion. In Dillon’s (1966) task, e.g., it is 
plausible that Ss stored the single symbol in 
1:1 correspondence as the positive set, mak- 
ing the response appropriate for this stimulus 
on trials where it appeared and the alterna- 
tive response on all other trials, which 
contained members of the (functionally nega- 
tive) set assigned to the many:1 correspon- 
dence. Hence, Dillon's data may be in- 
terpreted as showing that choice RT is 
influenced by differences in the probabilities 
of the positive and negative sets, but not by 
differences in stimulus probability within the 
negative set. The first of these findings, 
viewed by Dillon as a response probability 
effect, is in fact equivocal in that stimulus 
and response probability were confounded 
within the positive set. The second findin 
is consistent with Sternberg (1966). 

The occurrence of stimulus probability 
effects in Bertelson and Tisseyre’s (1966) 
study may be related to the Presence in both 
stimulus sets of multiple alternatives. Under 
these conditions there is no obvious reason 
why Ss would consistently choose one or 
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the other of the two sets to selectively re- 
hearse. Thus, it seems likely that the set 
within which stimulus probability varied 
would sometimes serve as positive. Viewed 
in this way, Bertelson and Tisseyre’s results, 
like those of Sternberg (1966), demonstrate 
that variations in stimulus probability within 
the positive set are an important determinant 
of choice RT. 

In sum, the previous considerations imply 
that variations in stimulus probability within 
a particular stimulus set, A, will influence 
RT provided A is treated as positive; i.e. 
provided the alternatives constituting A are 
included among the array of stored items 
with which the stimulus presented on each 
trial is compared. However, if A is treated 
as negative and reactions to members of this 
set occur when a match is not obtained be- 
tween stimulus input and the stored positive 
set, then RT will not be influenced by vari- 
ations in stimulus probability within A. In 
other words, if the identities of the indi- 
vidual alternatives constituting A are not 
preserved, the probabilities of these alter- 
natives should not be preserved nor subse- 
quently reflected in RT performance. 

Several implications of the foregoing anal- 
ysis were examined in the present experi- 
ment. Three conditions were studied which 
should differentially influence the likelihood 
that a set, A, of unequally probable stimuli 
would be treated by Ss as positive. Under 
Cond. 4-1, four unequally probable stimuli 
(Set A) were assigned one key-press re- 
sponse, and a single stimulus (Set B) was 
assigned another. Under this condition, 
which is similar to that studied by Dillon 
(1966), it was expected that B, not À, would 
serve as the positive set. Under Cond. 
2-1-2, two unequally probable stimuli (A) 
were assigned one response, one stimulus 
(B) was assigned another, and two stimuli 
(NR) were assigned to a no-response cate- 
gory; i.e., the appearance of either stimulus 
signaled S to withhold a response. Here, P 
cannot serve as the positive set by itself as 
was possible under Cond. 4-1. In fact, 
accurate performance in Cond. 2-1-2 logically 
requires that at least two of the three stim- 
ulus sets are kept track of in memory. For 
this reason, and because A was one of the 
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sets demanding an active response, it was 
expected that at least some Ss would treat 
this set as positive. Under Cond. 2-3, two 
unequally probable stimuli (A) were as- 
Signed one response, and three stimuli were 
assigned the other. This condition is similar 
to that of Bertelson and Tisseyre (1966) in 
that both stimulus sets contained multiple 
alternatives. Accordingly, it was expected 
that here too at least some Ss would treat 
A as positive, These suppositions led to 
the prediction that stimulus probability ef- 
fects would appear within A under Cond. 
2-1-2 and 2-3, but not under Cond. 4-1. 


METHOD 


Subjects —The Ss were 18 advanced undergrad- 
uate psychology students at the University of South 
"lorida, who received course credit for participa- 
tion in the experiment. . 
Stimulus materials and apparatus.—The stimulus 
Population consisted of the upper case letters, D, H, 
Q, S, and x (Letraset No. 193). The letters were 
Presented individually on a uniform white back- 
Sround at a viewing distance of 17 in. through a 
Polymetric two-field mirror tachistoscope. — Reac- 
tion time was measured by a Hunter Klockounter. 
rocedure—Six Ss were assigned to each of 
the three experimental conditions. Under Cond. 
^l the four stimuli comprising Set A and re- 
Wiring one of the two key-press responses idc 
Presented with the respective probabilities 40, 15, 
15, and 05. The single stimulus comprising zs 
„and requiring the alternative response p ag ies 
With probability 25. Under Cond. 2-1-2, the me 
Stimuli constituting Set A occurred with es 
abilities 40 and .05, the single stimulus defining 
With probability 25, and the two dT 
stimuli occurred equally often (15). i 05 
ond, 2-3, the Set A probabilities were .40 cà b 
and the Set B probabilities were .25, ilio 
Ne identity, number, and occurrence proba a 
Stimuli were constant across COUP HOD amd 
dition the two occurrence probabilities, “leons 
V " appeared in Set A under all s fl 
Vithin conditions, the particular gree let- 
stimulus set assignments of the five stimu us n 
Crs Were determined randomly. Set A ions 
shed equally often with the dominant am ies 
“Ominant hands across Ss within each a sce 
; ^t the beginning of the first test sies ne vere 
n 50 practice trials on a — ba 
ur equiprobable digits as stimuli. d 5 and & the 
Were assigned one response am it xiii. 
The Ss were then provided Nite anii 
stimulus and response probabilit! ciam 
d "re followed 200 trials on each of 2 coni tise 
"S of practice, A 2-min. rest —" on 
following each block of 25 trials. 
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conclusion of a 6-sec. intertrial interval, each trial 
was initiated by a warning tone of l-sec. duration 
whose offset coincided with stimulus onset. After 
each correct response, S was informed of his RT 
in milliseconds. Following each incorrect response, 
S was told only that he had made an error. 
Stimuli to which S incorrectly responded were 
subsequently repeated within the same trial block, 


RESULTS 


Table 1 provides mean RT (RT) and 
percentage of incorrect responses for prac- 
tice trials and for each stimulus probability 
value under the three experimental condi- 
tions. A comparison of RTs for the two 
common probability values, 40 and .05, was 


TABLE 1 


Mean RT AND PERCENTAGE OF INCORRECT RE- 
SPONSES (IN PARENTHESES) FOR THE COMMON 
PRACTICE TASK AND FOR EacH STIMULUS 
PROBABILITY VALUE UNDER THE THREE 
EXPERIMENTAL CONDITIONS 


Experimental task 
Prac- 
Cond. tice Set A Set B 
task 
.40 BI .05 25 AS: 
4-1 470 | 394 | 382 | 390 | 418 — 
(8.7) | (1.4) | (1.0) | (1.7) | (15.2) 
2-1-2* 487 | 440 ma 75 | 445 = 
(8.0) | (1.9) (6.7) | (3.0) 
2-3 406 | 342 — 487 | 384 | 423 
(6.3) | (0.3) (23.5)| (3.3) | (4.0) 


a Percentage of errors to Set NR under Cond, 2-1-2 was 2.5. 


of principal theoretical interest. Conse- 
quently, a two-way analysis of variance was 
performed with stimulus probability (.40 and 
.05) as a within-Ss factor and conditions as 
a between-Ss factor. Condition, F (2, 15) 
= 8.12, p «.005, stimulus probability, F 
(1, 15) = 102.8, p < .001, and the inter- 
action of these, F (2, 15) = 23.18, p < .001, 
were all significant components of variance. 
To assess the prediction that stimulus prob- 
ability effects would appear under Cond. 
2-1-2 and 2-3, but not under Cond. 4-1, a 
simple main effects analysis was carried out. 
This analysis indicated that choice RT in- 
creased as the inverse of stimulus prob- 
ability under Cond. 2-1-2, F (1, 15) = 73.3, 
p < 001, and 2-3, F (1, 15) =75.7, p< 
.001, but remained invariant under Cond. 
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4-1 (F < 1.0). If no response is considered 
a type of response, it could be argued that 
the number of response alternatives increased 
between Cond. 2-3 and 2-1-2. Because this 
variable was of potential theoretical interest, 
two further analyses were carried out on 
the data from these two conditions. The 
first was an analysis of variance identical 
with the previous except that the condition 
factor contained only the levels 2-1-2 and 
2-3. Here, the Condition x Stimulus Prob- 
ability interaction was nonsignificant (F « 
1.0). The second, an analysis of covariance, 
was conducted to determine whether the 
large overall difference in RT observed be- 
tween conditions was due to task or to S 
characteristics. The covariate was RT on 
the common practice task given prior to 
experimental trials. The condition effect dis- 
appeared in this analysis (F < 1.0), indi- 
cating that the observed differences were due 
to S, rather than task, characteristics. 

A further mixed-model analysis of vari- 
ance was performed on an arc sine trans- 
formation of the error data for the stimulus 
probabilities .40 and .05. Condition, F (2; 
15) = 14.9, stimulus probability, F (1, 15) 
= 35.8, and the interaction of these, F (2, 
15) = 19.8, were all significant sources of 
variance (p < .001). A simple main effects 
analysis indicated that error rate, like RT, 
increased as the inverse of stimulus prob- 
ability under Cond. 2-1-2, F (1, 15) = 4.68, 
p < .05, and Cond. 2-3, F (1, 15) = 723, 
p < 001, but remained relatively invariant 
under Cond. 4-1 (F < 1.0). In addition, 
within Cond. 4-1 a reliable difference in 
error rate was obtained between stimulus 
Sets A (pooled average) and B, t (5) = 
4.62, p < 01. 


Discussion 


The present experiment has clearly demon- 
strated conditions under which stimulus prob- 
ability both will and will not affect choice RT. 
However, these conditions require further ex- 
plication. : 

Earlier in the present paper it was proposed 
that variations in stimulus probability within a 
particular stimulus set, A, will affect RT pro- 
vided this set is included among the items rep- 
resented in memory and examined prior to the 
selection of a response (positive set). It was 
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further proposed that the likelihood of A serv- 
ing as the positive set is less in two-choice 
tasks where the alternative stimulus set, B, 
contains a single alternative (eg. Dillon, 
1966; and Cond. 4-1) than in tasks containing 
more than two stimulus sets (e.g., Cond. 2-1-2), 
or two-choice tasks where both stimulus sets 
contain multiple alternatives (e.g. Bertelson & 
Tisseyre, 1966; and Cond. 2-3). Consistent 
support for these propositions appeared not 
only in the RT data, but also, and more di- 
rectly, in the subjective reports elicited follow- 
ing the experiment and in the error data, First 
of all, it is noteworthy that all Ss in all condi- 
tions indicated they had rehearsed (ie, pre- 
attended) only a portion of the total population 
of available stimulus alternatives. To be more 
specific, Ss tested under Cond. 4-1 stated with- 
out exception that they had rehearsed only the 
single stimulus defining Set B and had re- 
sponded on each trial strictly on the basis of 
Whether or not this alternative had appeared. 
All Ss tested under Cond. 2-1-2 indicated they 
had rehearsed both Sets A and B, while ignor- 
ing the NR set. The Ss in Cond. 2-3 can be 
divided into two subgroups. Three of the Ss 
indicated that they had rehearsed only Set A 
throughout the experiment, and the remaining 
three indicated they had varied their strategies, 
on some trials rehearsing A only, and on others, 
B only. In line with these reports, the differ- 
ence in RT to the stimulus alternatives in Set 
B with probabilities .25 and .15 was 19 msec. 
for the first subgroup and 54 msec. for the 
second. This difference was statistically reli- 
able, t (4) = 2.92, p < .05. 

The error data suggested much the same pic- 
ture. Under Cond. 4-1, error frequency was 
unrelated to stimulus probability within A. On 
the contrary, the distinguishing feature of the 
error pattern here was the difference between 
Sets A and B. In accord with the interpreta- 
tion of Dillon's (1966) results proposed earlier, 
this difference indicates the presence during 
information processing of anticipatory adjust- 
ments based on the relative probabilities of the 
Positive and negative sets. However, under 
Cond. 2-1-2 and 2-3, error frequency, like RT, 
15 inversely related to stimulus probability 
within A, suggesting that anticipatory adjust- 
ments were based on the informational prop- 
erties of stimuli in Set A. 

_ Several objections might be raised concern- 
ing the previous formulation. First, if Ss in 
Dillon's (1966) study and in Cond. 4-1 were in 
fact selectively rehearsing the single-stimulus 
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alternative occurring in 1:1 correspondence, 
why is RT for this item generally longer than 
for all remaining alternatives? The logic of 
this argument is that selective rehearsal implies 
selective anticipation, and reactions to antici- 
pated alternatives should generally be shortest. 
The problem here lies in the interpretation of 
selective rehearsal. Although S may rehearse 
a particular item prior to a given trial, he may 
not necessarily expect, or anticipate, that this 
item is likely to occur. In fact, since the 
Probability of the alternative in 1:1 corre- 
Spondence was less than for the remaining al- 
ternatives in both the Dillon study and Cond. 
4-1, Ss probably anticipated that the single 
alternative would not occur. A second objec- 
tion might be that the interaction observed be- 
tween Cond. 4-1 and 2-1-2 could have resulted 
from an increase in number of response alter- 
Natives rather than from changes in rehearsal 
Strategies. While this interpretation is plausi- 
le, it does not account for the equivalent inter- 
action obtained between Cond. 4-1 and 2-3. 
When $ characteristics were taken into consid- 
eration, the obtained similarity of results be- 
tween Cond. 2-1-2 and 2-3 indicated rather 
that the number of response alternatives had 
no measurable effect in the present experiment. 

final objection follows a study by Laberge 
and Tweedy (1964) in which two unequally 
Probable stimuli were assigned one of two un- 
equally probable responses and a single stimu- 
lus Was assigned the other. Although this task 
is similar to that used by Dillon and in Cond. 
4-1, Contrary to these, Laberge and Tweedy 
Teported both stimulus and response probabil- 
ity effects. In terms of the present analysis, 
these results imply that Ss did not consistently 
treat the single-stimulus alternative as the posi- 
tive set. The same type of apparent nonopti- 
Mality occurred in Cond. 2-3, where several 

S at times employed the larger set as positive. 
With specific regard to two-choice tasks, these 
ndings suggest that the likelihood that Ss will 
Consistently treat the smaller of two stimulus 
Sets as Positive increases with the size imbal- 
Ance obtaining between the sets. 

In conclusion, the present experiment has 
Shown conditions under which stimulus proba- 
bility, and thence the stimulus identification 
Process, is an important determinant of choice 
Considering these results together with 
( reported by Bertelson and Tisseyre 
{1966 s a stronger conclusion might be that 
;SPonse probability is unimportant in speeded 
hoice tasks. However, data are available 


Which suggest that such a generalization is un- 
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warranted. A case in point is the literature on 
serial choice RT where the interval between 
the response on Trial j and stimulus onset on 
Trial j + 1 is relatively brief (less than 2 sec.). 
Here, Kornblum (1968) has demonstrated a re- 
lationship between the probability of an S-R al- 
ternative and RT that is primarily the result of 
repetition effects. Bertelson (1965) has shown 
further that response, rather than stimulus, 
repetition is the principal factor in such tasks. 
Thus, response probability effects produced by 
response repetition are to be expected in serial 
choice RT (e.g., Laberge, Legrand, & Hobbie, 
1969). It is noteworthy in this connection that 
neither stimulus nor response repetition effects 
were observed in the present data. That is, no 
systematic differences in RT were obtained be- 
tween repeated and nonrepeated stimuli or re- 
sponses under any of the three conditions stud- 
ied. Finally, significant main and interaction 
effects for stimulus and response probability 
have been found by Pollack (1963) in a word- 
categorization task and by Rabbit (1959) in a 
card-sorting task. These differ in several 
major respects from the discrete choice RT 
experiments previously discussed in the present 
paper. First, both studies investigated serial 
rather than discrete reaction tasks. Second, 
response probability was manipulated by vary- 
ing the number of equally probable responses 
rather than by varying relative frequencies. 
Lastly, the number of response alternatives 
ranged well above two. The possible implica- 
tions of the first difference have already been 
mentioned. Rabbitt (1967) has raised an in- 
teresting point that may apply, by extension, 
to the second and third differences. Consider 
a choice task containing eight stimulus alterna- 
tives, A, B, C, D, E, F, G, and H, where two stim- 
uli are paired with each of four responses, e.g., 
AB/CD/EF/GH. Here, a theoretically optimal 
discrimination strategy would use only those 
stimulus attributes necessary to distinguish 
stimuli within each set from stimuli in other 
sets. In this way, A need be distinguished from 
C, D, E, F, G, and m, but not from B, which re- 
quires the same response as A. Now suppose 
that four of the letters are paired with each of 
two responses (e.g, 4BCD/EFGH). Here a 
need be distinguished only from alternatives 
E, F, G, and H, but not from B, C, or n. Hence, 
increasing the number of response alternatives, 
while holding the total number of stimuli con- 
stant, in theory may lead to an increase in the 
number of stimuli that must be discriminated. 
Increases in choice time between these two 
situations may, therefore, reflect an increase in 
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the difficulty of stimulus discrimination rather 
than response selection. 
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INVARIANCE OF TOTAL LEARNING TIME UNDER 
DIFFERENT CONDITIONS OF PRACTICE' 


ROSE T. ZACKS? 


Temple University 


The phrase “total-time invariance” (TTI) refers to the finding that the 
amount learned in a given interval of time is invariant, regardless of how 
that time is distributed. The present study demonstrated that the phenome- 
non of TTI has a high degree of generality. The amount of control which 


Ss had over the temporal distribution of their activities was varied by 
allowing them to (a) study each pair as long as they wished, (b) take 


test trials whenever they chose to, (c) both, or (d) neither. 
variations did not affect total learning time to criterion. 
d evidence for a distinction between the “nominal” and the 
In other words, even though E presents 


data provide 
“covert” distribution of study time. 


all the items for the same amount of time, 
me unequally over the items in the list. An hypothesis to account 


study ti 


These 
In addition, the 


S may in fact distribute his 


for TTI was advanced on the basis of this distinction. 


Evidence from a variety of sources strongly 
indicates that the amount learned in a given 
interval of study time is invariant, regard- 
less of how that time is distributed. Vari- 
on rate and manipulation 
of what may be broadly termed “method of 


practice" (e.g., part vs. whole learning, self- 


vs. E-pacing) usually do not affect perform- 
unt of learning 


ance at the end of a fixed amo 
time. This experimental result is referred to 


as total-time invariance (TTI). An exam- 
ple is the finding that the total time (Time 
per Trial x Number of Trials) required to 
learn a list of items to some specified cri- 
terion is unaffected by large variations in 
presentation rate (Bugelski, 1962; Fischer, 
1966). Cooper and Pantle (1967) have 
recently reviewed the relevant data. 
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The present study had two major pur- 
poses. The first was to investigate the 
generality of TTI. With few exceptions 
(e.g., Bugelski & Rickwood, 1963; Morsund 
& Chape, 1966), the experiments demon- 
strating TTI have employed learning pro- 
cedures in which the temporal sequence of 
events is almost completely determined by 
E. The question arises as to whether total 
learning time will remain invariant as Ss are 
given increasing control over the temporal 
distribution of their activities. In the pres- 
ent experiment, the degree of constraint im- 
posed by the experimental arrangements on 
the distribution of study and test time was 
systematically varied in an attempt to answer 
this question. In the control condition 
(standard study-test method of paired-asso- 
ciate learning), study and test trials alter- 
nated and the items were presented at a fixed 
rate on both study and test trials. The three 
experimental treatments differed from the 
control condition in that Ss could either (a) 
study each pair for as long as they wished 
on study trials, (b) take test trials when- 
ever they chose to, or (c) both. 

The second major purpose of the present 
experiment was to obtain certain informa- 
tion about how Ss distribute their study 
time over the items in a list. It was ex- 
pected that Ss in the self-paced study con- 
ditions would study hard pairs for longer 
durations than easy pairs. However, even 
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in standard verbal learning procedures in 
which all items are presented for equal dura- 
tions on each trial, Ss may not rehearse all 
items for equal amounts of time. They may 
concentrate on a few of the items during a 
particular presentation, as Waugh (1961) 
has suggested, or they may spend more time 
on items they find difficult than on those 
they find easy. It is argued that variation 
of presentation rate or of other aspects of 
procedure often does not affect the amount 
learned in a specified interval of time, as 
least partly because the manner in which Ss 
covertly distribute their study time is little 
affected by procedural manipulations such 
as variation of presentation rate. Informa- 
tion about how Ss actually distribute their 
study time was obtained by analyzing the 
study durations used by Ss in the self-paced 
conditions and by questioning Ss in the 
E-paced conditions. 

Each S learned two lists of pairs so that 
transfer might be studied. The two lists 
were learned either under the same or dif- 
ferent methods of practice. It was thus pos- 
sible to study differential transfer from one 
method of practice to another. 


METHOD 


Design.—Al Ss learned two lists of paired as- 
sociates which conformed to an A-B, C-D trans- 
fer paradigm. There were four conditions of first- 
list learning comprising a 2 X 2 factorial design. 
The two independent variables were time per pair 
on study trials—constrained (E-paced) vs. free 
(self-paced)—and order of study and test trials — 
constrained (E-controlled) vs. free (S-controlled). 
The four conditions of first-list learning are re- 
ferred to as: CC—control condition, with time per 
pair on study trials and order of study and test 
trials both constrained; FC—time per pair on 
study trials free, order of study and test trials 
constrained; CF—time per pair on study trials 
constrained, order of study and test trials free; 
and FF—time per pair on study trials and order 
of study and test trials both free. Attainment of 
the criterion of first-list learning was followed by 
learning of the transfer list under the CC or FF 
procedure. With four conditions of first-list prac- 
tice and two conditions of second-list practice, there 
were eight independent groups of Ss, which are 
designated CC-CC, FC-CC, CF-CC, FF.CC, 
CC-FF, FC-FF, CF-FF, and FF-FF. (In each 
case, the first two letters refer to the condition 
of first-list acquisition and the last two letters 
refer to the condition of transfer-list acquisition.) 

Materials.—The learning materials were lists of 
eight paired associates, with high-frequency one- 
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syllable nouns as stimuli and low-frequency bi- 
grams as responses. Two different lists of paired 
associates were used. The bigrams were selected 
on the basis of the bigram frequency count of 
Underwood and Schulz (1960, Appendix D). The 
mean frequencies of the response terms in the two 
lists were 3.4 (range of 0-18) and 3.3 (range of 
0-14), respectively. Intralist and interlist formal 
similarity were minimized as much as possible for 
the response terms. Within each list, there were 
no repeated letters among the response terms; and 
across the two lists, nine letters were used twice, 
but in different positions. Similarity was also 
minimized for the stimulus terms. All 16 stimuli 
had different initial letters, and there were no 
obvious conceptual or associative relations among 
the stimuli within each list or across lists. Stimuli 
and responses were paired randomly except that 
the initial and final letters of the stimulus could 
not be the same as either letter of the response. 

Each list was used equally often as the first or 
the transfer list. For each list there were eight 
Presentation orders for both the study and the test 
trials. Starting orders for the study and test 
trials of each list were assigned at random. : 

Apparatus—Two Kodak Carousel slide projec- 
tors were used to display the items on a projection 
Screen in a semi-darkened room, one for study 
trials and the other for test trials. In addition to 
a timer which allowed for automatic operation of 
the projectors at a 2-sec. rate, there was a manual 
button which Ss in the self-paced study conditions 
used to change slides at their own rate. The 
intervals at which Ss changed slides were recorded 
automatically by an Esterline-Angus pen recorder. 
The paper was run at a speed of 2 ft/min, making 
it possible to measure the time spent studying each 
pair to the nearest .1 sec. 

Procedure—All Ss were run individually. Prior 
to the beginning of first-list learning, all Ss were 
read general instructions for paired-associate learn- 
ing. They then received one study and one test 
trial at a 2-sec. rate on the appropriate first list. 
All Ss were given an initial study and test trial 
under the same procedure in order to have some 
measure of the equality of learning ability among 
the groups. Following the initial study and test 
trial, Ss were given further instructions appropriate 
to their condition of first-list learning. For the 
CC condition, a 2-sec. rate was used for study 
and test trials, and study and test trials alternated. 
For the FC condition, Ss controlled the study time 
per pair on the study trials by pushing the manual 
button, but study and test trials alternated. In 
the CF Procedure, a 2-sec. rate was used for both 
study and test trials, but S controlled the order 
of study and test trials. During each intertrial 
interval (ITI), S had to say whether he wanted 
the next trial to be a study trial or a test trial. 
In the FF procedure, S controlled both the study 
time per pair on study trials and the sequence of 
Study and test trials. In all conditions, a 2-sec- 
rate was used for test trials, and the ITIs (which 
Were timed by a stopwatch) were 10 sec, The 
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interval between the initial study and test trial and 
the continuation of first-list learning was 2 min. 
The Ss were required to spell the bigram responses 
out loud on test trials. They were instructed that 
the criterion of learning was one perfect recitation 
of the list. The Ss were urged to try to learn 
the list as quickly as possible. In an attempt to 
prevent overlearning in Cond. FC, CF, and FF, 
S's in these conditions were told not to try to learn 
the whole list at once and not to avoid test trials, 
as test trials would probably help them to learn 
the list. 
_ The procedure for the learning of the second 
list was the same as that for first-list acquisi- 
tion. An initial study and test trial at a 2-sec. 
rate was followed by further instructions appro- 
priate to the transfer condition. There were, how- 
ever, only two transfer conditions, Cond. CC and 
FF. The interval between the end of first-list 
learning and the initial study trial of List 2 was 
2 min. Ninety seconds elapsed between the end 
of the initial study and test trial and the contin- 
uation of transfer-list practice. List 2 was also 
learned to a criterion of one errorless recitation. 
After completing the second list, Ss in Cond. 
CC and CF were asked if they had rehearsed all 
Pairs for equal amounts of time and, if not, which 
Pairs they had rehearsed for more time and when. 
Subjects—Twenty University of California 
undergraduates served as Ss in each of eight 
groups. All were naive to rote learning experi- 
ments. The experiment was run in blocks of eight 
Ss, with one S from each group in each block. 
unning orders within blocks were determined by 
a table of random numbers. Three Ss, each from 
a different group, were climinated for failure to 
learn the first list within 40 min. 


RESULTS 


Performance on the initial test trial of 
List 1.—In all conditions, practice on the 
first list began with an initial study and 
test trial under the standard procedure. Per- 
formance on this test trial was scored by 
two methods. In the stringent scoring 
method, S was given credit for a correct 
Tesponse term only if it was paired with 
the appropriate stimulus. In the lenient 
Scoring method, S was given credit for all 
different correct responses regardless of 
Whether or not they were paired with the 
appropriate stimuli. Analysis of both the 
Stringent and the lenient scores revealed 


Only one significant difference among the 


8roups. The groups assigned to the second- 


ist FF condition tended to be superior to 
the groups assigned to the second-list cc 
Condition. For the lenient scores, this dit- 
€rence was reliable. The mean lenient 
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scores for the groups learning List 2 under 
the CC and FF procedures were 1.55 and 
2.01, respectively, F (1, 152) = 4.82, p< 
.05. Also, within-group correlations between 
performance on the initial test trial of List 
1 (lenient scores) and total learning time 
(excluding ITIs) on List 1 indicate that 
performance on the first trial is predictive 
of the dependent measures of the present 
experiment. The eight correlations ranged 
from —.219 to —.490, with a mean of —.334. 
Only two correlations attained significance at 
the .05 level, but all were in the expected di- 
rection; i.e., total learning time decreased 
as number correct on the initial test trial 
increased. Thus, it appears that the groups 
assigned to the List 2, FF condition were 
of superior ability to those assigned to the 
List 2, CC condition. It should be noted, 
however, that when the two groups learning 
the first list under the same procedure are 
combined (i.e, Groups CC-CC and CC-FF, 
Groups FC-CC and FC-FF, etc.), there is 
no evidence in the performance on the first 
trial of ability differences across the four 
conditions of first-list learning. For both 
stringent and lenient scores, the F ratios 
for List 1 condition and for the List 1 X 
List 2 interaction were less than 1.00. 

Total learning times on List 1.—There 
are two total-learning-time measures, study- 
plus-test time and total time including ITIs. 
Since analysis of study-plus-test times and 
of total times including ITIs yielded equiva- 
lent conclusions in all instances, only the 
analyses of the study-plus-test times are re- 
ported. Also, study-plus-test time is often 
referred to simply as total time or total 
learning time; time scores include ITIs only 
when these are explicitly mentioned. 

Table 1 presents the means of the time 
scores for all eight groups separately and 
for the four combined groups.  Bartlett's 
test revealed that there was heterogeneity 
of variance among the four combined groups 
in the study-plus-test scores, x* (3) = 15.50, 
p<.01. A log transformation eliminated 
the heterogeneity of variance; therefore, all 
analyses were performed on log transforms 
of the data. 

Inspection of Table 1 indicates that study- 
plus-test times are quite similar for Cond. 
CC, FC, and FF and that learning under 
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TABLE 1 


MEANS OF VARIOUS MEASURES OF 
List 1 LEARNING 
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TABLE 2 


MEANS or VARIOUS MEASURES OF 
LIST 2 LEARNING 


Study | Tes | Study | ron 

Group ame | uae NU including 
si 156.8 156.8 | 313.6 489.6 
COEF 144.8 | 144.8 | 289.6 | 450.6 
M Cond. CC 150.8 | 150.8 | 301.6 | 470.1 
EC 273.8 | 144.8 | 418.6 | 579.6 
FORE 197.9 | 94.4 | 292.3 | 390.3 
M Cond. FC 235.8 | 119.6 | 355.4 | 485.0 
b 239.2 | 156.0 | 395.2 | 6222 
CREE 230.4 | 206.4 | 436.8 689.8 
M Cond. CF 234.8 181.2 | 416.0 | 656.0 
FF-CC 339.6 143.2 | 482.8 | 648.2 
EE EG 151.2 80.0 | 231.2 | 313.8 
M Cond. FF 245.4 111.6 | 357.0 | 481.0 


Note.—Times are given in seconds. 


Cond. CF is slightly slower than under the 
other three conditions, However, analysis 
of variance shows that the differences in 
total learning times are not significant, all 
Fs (1, 156) 22.32, p> 05. 

Constancy of total learning times across 
conditions does not preclude the possibility 
of differences in the form of the learning 
curves. However, an inspection of the 
List 1 learning curves (total times to suc- 
cessive criteria) for Cond. CC and FC shows 
that the course of acquisition for these con- 
ditions is highly similar. The two curves 
lie very close to one another and are almost 
exactly parallel throughout acquisition. (Be- 
cause of the erratic nature of the distribu- 
tion of test trials in Cond. CF and FF, 
learning curves were not plotted for these 
conditions.) 

Total learning times on List 2.—It will 
be recalled that analysis of performance on 
the initial test trial of List 1 indicated that 
the groups assigned to the List 2, FF pro- 
cedure were of superior learning ability to 
the groups assigned to the List 2, CC pro- 
cedure. Inspection of Table 1 further shows 
that there were large differences in List 1 
total learning time between the two FC 
groups and the two FF groups. Both of 
these differences are in favor of the List 2, 
FF condition. In view of what appear to 
be large inequalities in learning ability be- 
tween Groups FC-CC and FC-FF and be- 
tween Groups FF-CC and FF-FF, any find- 


Study Test Study goal 
Group time ime | ies including 

CC-CC 112.8 | 112.8 | 225.6 | 346.6 
FC-CC 103.2 | 103.2 | 206.4 | 315.4 
CF-CC 120.0 | 120.0 | 240.0 | 370.0 
FF-CC 108.0 | 108.0 | 216.0 | 331.0 
MCond.CC | 111.0 | 111.0 | 2220 | 340.8 
124.2 | 81.6 | 205.8 | 3934 

120.5 | 59.2 | 179.7 | 238.7 

187.7 | 97.6 | 285.3 | 399.8 

FF-FF 106.6 | 55.2 | 161.8 | 214.8 
M Cond. FF 134.8 73.4 | 208.2 | 286.7 


Note.—Times are given in seconds, 


ings which indicate that List 2 learning is 
faster under the FF procedure would have 
to be viewed with extreme caution. In 
order to control for the differences in learn- 
ing ability to some extent, analyses of co- 
variance were used to evaluate transfer-list 
performance. The correlations between List 
l study time and List 2 total time were 
Senerally higher than the correlations be- 
tween List 1 total time and List 2 total 
time. Therefore, List 1 study time was 
used as the predictor variable. Since there 
were four conditions of first-list learning, 
there was no common predictor variable, and 
& separate analysis of covariance was done 
for each pair of groups assigned to the same 
List 1 condition. 

Table 2 presents the means of the second- 
list time scores for the eight groups separ- 
ately, as well as the means for the combined 
CC and FF groups. It can be seen from 
Table 2 that there is little overall difference 
between the CC and FF conditions in study- 
plus-test time. In none of the four analyses 
of covariance is the difference between the 
CC and FF, Second-list procedures signifi- 
cant, all Fs (1, 38) = 3.36, p.05. 

Since the Separate covariance analyses do 
not allow for any tests of differential trans- 
fer as a function of List 1 condition, an 
analysis of variance was also performed on 
the unadjusted study-plus-test times of all 
the groups. This analysis corroborates the 
results of the covariance analyses in showing 
that there is no overall difference between 
the List 2, CC and FF procedures, F (1, 
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152) < 1. However, the groups who learned 
List 1 under the self-paced procedures 
(Cond. FC and FF) performed better on List 
2 than the groups who learned List 1 under 
the E-paced procedures (Cond. CC and CF). 
The mean List 2 total learning time for the 
groups who learned List 1 under the self- 
paced procedure was 191.0 sec., while the 
mean for the groups who learned List 1 
under E-paced procedures was 239.2 sec. 
This difference is significant, F (1, 152) = 
4.21, p < .05. Moreover, it does not appear 
to reflect any differences in learning ability. 
On List 1, the total learning times were 356.2 
Sec. and 358.8 sec. for the groups who 
learned under self- and E-paced conditions, 
respectively. The interaction of List 1, Self- 
vs. E-Paced x List 2 Condition is not sig- 
nificant, F (1, 152) = 191, p > .05. Thus, 
it appears that when Ss learn their first 
paired-associate list in the laboratory under 
a self-paced procedure, they acquire skills 
which facilitate subsequent paired-associate 
learning even if the subsequent task is not 
learned under a self-paced procedure. 
Evaluation of possible biases in total- 
l carning-time scores.—Since Ss who learned 
under Cond. FC, CF, and FF controlled the 
amount of study time between test trials 
(either by controlling the duration of the 
study trials, the number of study trials in- 
tervening between test trials, or both), it 
is possible that Ss in these conditions over- 
shot the criterion of learning. To the extent 
that such overlearning occurred, there is a 
bias against showing that Cond. FC, CF, and 
FF were superior to Cond. CC, in which 
the study time between successive tests was 
always 16 sec. While there is no fully ade- 
quate method for evaluating the extent of 
the bias, an attempt was made to obtain 
Some indication of its size by the following 
technique: For each 5 in Cond. FC, CF, and 
"FE, the amount of study time intervening 
between the next-to-last and final test trials 
Was computed. The means of these scores 
are presented in Table 3. A mean score 
arger than 16 sec. indicates that there may 
€ a bias against showing a difference from 


Cond. CC.” For List 1, the largest mean 
Study time between the next-to-last and the 
nal test trials is 28.1 sec.; for List 2, it IS 
Š sec. Also presented in Table 3 are the 
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TABLE 3 


Mean Srupy Times (STs) BETWEEN THE NEXT- 
TO-Lasr AND FINAL TEST TRIALS AND MEAN 
NuwBERS or Correct Responses (NC) 

ON THE NExT-TO-LasT Test TRIAL 


Group ST NC 
List 1 
CC 16.0 
FC 28.1 
CF 17.6 
FF 27.6 
List 2 
CC-CC 16.0 6.45 
FC-CC 16.0 6.15 
CF-CC 16.0 6.15 
FF-CC 16.0 6.05 
M Cond. CC 16.0 6.20 
CC-FF 21.0 5.85 
FC-FF 39.3 5.05 
CF-FF 21.9 6.20 
FF-FF 32.0 5.25 
M Cond. FF 28.6 5.59 


Note.—STs are given in seconds. 


mean numbers of correct responses on the 
next-to-last test trial. These latter means 
need to be considered in conjunction with 
the time scores, because to the extent that 
Ss in Cond. FC, CF, and FF showed lower 
performance than Ss in Cond. CC on the 
next-to-last test trial, they would be ex- 
pected to need more study time than Ss in 
Cond. CC to reach criterion. It can be seen 
in Table 3 that with the exception of Cond. 
FC during first-list learning and Group 
CF-FF during second-list learning, the mean 
number correct on the next-to-last test trial 
is higher for Cond. CC than for the other 
conditions. Thus, it appears that if any 
bias exists against showing that Cond. FC, 
CF, and FF are superior to Cond. CC, this 
bias is quite small. 

Study time vs. test. time.—The amounts 
of the total time devoted to studying and to 
testing are shown in Tables 1 and 2. In 
Cond. CC, study time was necessarily equal 
to test time, but in Cond. FC, CF, and FF, 
the proportions of the total time allotted 
to studying and to testing depended on S's 
behavior. In these conditions, S's spent more 
time on studying than on being tested. 
Separate analyses of the study and of the 
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test times show that the four conditions of 
first-list learning differed in study time, F 
(3, 156) = 292, p < .05, and in test time, 
F (3, 156) = 570, p « 01. Similarly, the 
CC and FF conditions of List 2 differed in 
study time, F (1, 158) = 5.31, p « .05, and 
in test time, F (1, 158) = 1470, p < O01. 
Thus, for both lists, total time is the same, 
but study and test time differ among con- 
ditions. This result is similar to one ob- 
tained by Tulving (1967). In a free recall 
experiment, he varied the relative propor- 
tions of study and test trials and found that 
performance on test trials immediately fol- 
lowing study trials was not affected by the 
distribution of time between studying and 
recalling. It appears that in some circum- 
stances practice at recalling items may be 
as beneficial to performance as studying. 
This would follow if, as Tulving (1967; 
Tulving & Pearlstone, 1966) has suggested, 
recall depends on the accessibility of an item 
as well as its availability in memory storage. 
Test trials might well function to increase 
the accessibility of items, 

Overt errors.—Little needs to be said 
about overt errors. All overt errors were 
expressed as percentages of emissions (cor- 
rect responses plus errors). Analyses of 
variance on the error scores Support the 
analyses of total learning times in showing 
that there are no reliable differences either 
among the four conditions of first-list learn- 
ing or between the two conditions of trans- 
fer-list learning. 

Distribution of study time—One of the 
major purposes of the present research was 
to find out how Ss distribute study time 
over the items in a list. Two kinds of 
analyses of the study durations of Ss in 
Cond. FC and FF support the expectation 
that self-paced Ss would study difficult pairs 
longer than easy ones, 

For the first kind of analysis, the pairs 
were ranked 1-8 according to S's overall 
performance on each pair. A rank of 1 was 
assigned to the pair S got right most often 
and a rank of 8 to the pair S got right least 
often. The total study times allotted to 
each pair were also ranked 1-8, with a rank 
of 1 being assigned to the pair which S 
studied for the least amount of time and 
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rank of 8 to the pair which S studied for 
the most amount of time. Spearman rank 
order correlations between the difficulty and 
the study time ranks were computed separ- 
ately for each S in the self-paced conditions. 
A positive correlation indicates that S al- 
lotted more study time to the pairs with 
which he had trouble than to the pairs he 
found easy. The median correlations were 
70, .62, and .74 for Cond. FC and FF of 
List 1 and Cond. FF of List 2, respectively. 
Seventy-seven of the 80 List 1 correlations 
and 78 of the 80 List 2 correlations were 
positive. The probability of so many cor- 
relations being positive by chance is less 
than 10-^. Also, 44 first-list and 50 second- 
list correlations were significant at the .05 
level. Thus, the correlations provide very 
Strong evidence that Ss in self-paced pro- 
cedures study difficult pairs longer than easy 
ones, 

In the second kind of analysis of the 
study durations, study intervals following 
an error on the previous test trial were 
compared with those following a correct 
response. This analysis was limited to first- 
list learning under Cond. FC because some- 
times no test trials intervened between suc- 
cessive study trials in Cond. FF. The mean 
Study duration following errors was twice 
as long as that following correct responses 
(7.12 sec. vs. 3.54 sec.). All 40 Ss had a 
mean study duration following errors that 
was larger than that following correct re- 
Sponses. 

Postexperimental inquiry.—The Ss who 
learned under E-paced procedures were 
asked whether they had rehearsed all items 
for equal amounts of time. Of the 80 Ss 
who learned List 1 under Cond. CC and 
CF, 65 reported some tendency to rehearse 
difficult pairs more than easy ones. For 
List 2, 68 of the 80 Ss who learned under 
the CC procedure made a similar report. 
The reports included statements of concen- 
trating harder on difficult pairs and of re- 
hearsing difficult pairs during the ITIs and/ 
or during the presentation of pairs learned 
early. Thus, the reports given by Ss who 
learned under the E-paced procedures indi- 
cate that even when each item is presented 
for the same amount of time, the covert dis- 
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tribution of study time is related to pair 
difficulty and to previous performance. 


Discussion 


In their article on TTI, Cooper and Pantle 
(1967) distinguished between the “nominal” 
time (the time potentially available for rehear- 
sal) and the “effective” time (the time during 
which rehearsal actually occurs). They stated 
that TTI will occur only when the total effective 
time remains constant across conditions. This 
distinction helped Cooper and Pantle delimit 
some of the boundary conditions for the occur- 
rence of TTI, but it does not deal directly with 
the essential nature of TTI, which is that dif- 
ferent distributions of a constant amount of 
effective study time produce equal performance. 
For instance, whenever presentation rate is 
varied and TTI is obtained, it is necessarily the 
case that the number of individual presenta- 
tions into which the total time is divided differs 
among conditions. Why is it that such dif- 
ferences in the way in which study time is 
Nominally distributed do not affect perform- 
ance? Results of the present study help pro- 
vide a tentative answer to this question. 

The major findings of the present experiment 
are: (a) TTI holds for conditions of practice 
in which § has considerable control over the 
temporal distribution of his activities, as well 
as for standard learning procedures; and (b) 
in self-paced conditions, Ss distribute their re- 
hearsal time unevenly over the items in the 
list in a manner related to their relative diffi- 
Culty, Taken together, these two findings ap- 
Dear to yield a somewhat enigmatic conclusion, 
viz., that Ss who rehearse at their own rate 
and who study difficult pairs longer than easy 
Ones do not learn faster than Ss who are given 
only 2 sec. on each trial to study each pair. 

Owever, the postexperimental reports of Ss E 
the E-paced conditions indicate that this dif- 
ference between the way rehearsal time 1s dis- 
tributed in E- and self-paced conditions 1S 
More apparent than real. The majority, of 
Ss in Cond. CC and CF stated that : ey 
Covertly rehearsed difficult pairs longer ^ 
easy ones and that they tended not to switel 
their attention from one pair to the „next 
every 2 sec. That is, Ss in these cones 
appear to have covertly distributed their study 
time over the pairs in a manner similar to 
the way Ss in the self-paced conditions eny 
distributed their time. It can thus be argue 
that Æ- and self-paced conditions did not differ 
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in total learning time because the covert re- 
hearsal pattern in the E-paced conditions was 
similar to the overt rehearsal pattern in the 
self-paced conditions. 

In addition to the distinction offered by 
Cooper and Pantle (1967), a general distinction 
between the “nominal” and the “covert” dis- 
tribution of study time is called for. The way 
S covertly distributes his study time probably 
rarely corresponds directly to E's nominal dis- 
tribution. Assuming this distinction to be 
valid, an account of the occurrence of TTI in 
other experiments, such as those that have 
varied presentation rate, can be derived. 
Basically, the notion is that the way Ss co- 
vertly distribute their study time is much the 
same, regardless of the experimental procedure. 
With regard to variation of presentation rate, 
it seems likely that when a fast rate is used, 
Ss may concentrate on a few pairs on each 
study trial, and when a slow rate is used, they 
may rehearse items other than the one which 


is currently being shown. 
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ontrolled respond- 
ing often depended on the particular relational character of S+. Of the 28 


correctly. 


Transposition experiments provide infor- 
mation about stimulus control during dis- 
crimination learning by revealing which as- 
pect of the positive stimulus (S+) controls 
responding. Little is known about behavior 
when S+ is one of the extreme members 
of a set composed of three stimuli. This situ- 
ation is significant for those interested in 
analyzing the variables generating control by 
various stimulus aspects, because the exist- 
ing data suggest that such conditions ma 
have unique properties, Lashley (1938) re- 
ported that rats never learned to respond to 
the middle-sized stimulus, but learned readily 
when S+ was either of the other stimuli. 
Although Lashley ascribed these results to 
the complexity of the middle-sized as com- 
pared with the large or small relation, Spence 
(1942) deduced the difficulty of the middle- 
size problem by reference to absolute stim- 
ulus properties. Despite Lashley’s and 
Spence’s assumptions that Ss depend on re- 
lational or absolute properties in all cases, 
there is no evidence to support either con- 
tention; perhaps the difference in learning 
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However, if Ss had transposed. 
S+ correctly, indicating that they had not learned the a 
when they were controlled by the relation. 


speed resulted from a dependence on rela- 
tions when S+ was the largest or the small- 
est stimulus and a dependence on absolute 
properties when S+ was middle-sized. 
Lashley gave transposition tests after Ss re- 
sponded consistently to the large or the small 
S+ and found control by relations, but the 
rats’ failure to learn when S+ was middle- 
sized precluded further testing. Thus, al- 
though relational control occurred with the 
large and the small S+, the question of 
whether the middle-size problem was not 
learned because it involved a difficult abso- 
lute discrimination or a complex relational 
discrimination remained unsolved. 

The ability of children to learn when S+ 
is middle-sized makes them suitable Ss for 
Investigating if the controlling stimulus as- 
pect varies when S+ is the largest, smallest, 
or middle-sized of three stimuli. With re- 
spect to middle-size problems, Zeiler and 
Salten (1967) found that different children 
learned different aspects of S+. (Com- 
parable data are not available for training 
with a large or small S+.) The variety in 
patterns of responding among Ss suggests 
that experiments should consider individual 
data if they are to give a true picture of 
behavior. Tn the present research, there- 
fore, each § received the three types of 
training, and consistencies or changes in ab- 


solute and relational control were observed 
for each child 


is 
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ABSOLUTE AND RELATIONAL DISCRIMINATIONS 


Previous research revealed that the simi- 
larity of set members to each other (within- 
set similarity) determined the frequency of 
absolute and relational control Increased 
within-set similarity increased relational con- 
trol in a middle-size problem (Zeiler & 
Gardner, 1966), but decreased relational 
control when S+ was the larger of two 
stimuli (Zeiler, 1966). The present study 
investigated whether the opposite effects of 
within-set similarity with a large and a 
middle-sized S+ persisted with the number 
of stimuli in the sets equated. 


METHOD 


Subjects.—The 28 children, 17 girls and 11 boys, 
ranged in age from 5 to 7 yr. 

Apparatus—The stimuli were 16 unpainted .25- 
in. Masonite square blocks designated in order 
of increasing size by the numbers 1-16. The 
surface area of the smallest block, 1, was 1.00 sq. 
in, and each succeeding block increased in area by 
a factor of 12:1. An indentation in the underside 
of each square could hide either a plastic chip or a 
penny. 

The squares w 


divided in half by a screen. r 
direction, the screen prevented the children from 


seeing the blocks. When turned in the other 
direction, the screen was lowered to enable E to 


Observe the choices. ] 

Procedure.—The Ss were asst : 
three experimental groups with 9 Ss in each of 
Groups 1 and 3 and 10 in Group 2. In the course 
of the experiment, each child learned to respond 
to the largest, the smallest, and the middle-sized 
member of a set of three blocks. Group ] had 
Sets composed of blocks that differed from each 
Other by a factor of 1.2:1, Group 2 by 144:1, and 
Group 3 by 1.73:1. The Group l training sets 
Were composed of Stimuli 3-4-5 and 6-7-8; rn 
2:246 and 8-10-12; Group 3: 1-4-7 and 10-13-16. 
Each member of the group received both sets. The 
Smaller set was used when S+ was the large Hs 
ulus, and the larger set was used when S+ ipe 
Small stimulus. Both sets served for middle 
training, with Ss being assigned one or the e her 
Oh a random basis. One of the six possible E 
quences of the three discriminations was selecte! 
9n a random basis for each child. . . 

A noncorrection procedure and discrete p 
Were used throughout the experiments. On eum 
trial, a set was exposed until S made a "poe 

en, E interposed the screen between S E he 
blocks and made any necessary changes. imi 
."5 positions varied according to a predetermined 


1 
Tregular sequence. 


The first day was use 
eXperimental situation an 


ere displayed on a turntable 
When turned in one 


gned at random to 


d to acquaint S with the 
d to establish a discrimi- 
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nation maintained by a schedule of intermittent 
reinforcement. Intermittent reinforcement in train- 
ing permitted the later introduction of test trials 
under extinction conditions by minimizing the con- 
trast between training and testing (Zeiler & 
Salten, 1967). 

Day 1 began with continuous reinforcement 
with the plastic chip for responses to S+ until there 
were five consecutive correct responses. Whether 
S+ was the largest, the smallest, or the middle- 
sized set member varied between children. Then, 
E told S that pennies would be hidden instead of 
the chip, but that S would find a penny only after 
making several correct responses in a row. The 
E emphasized that the same block was always 
correct and that pennies would only be found oc- 
casionally. The children were told that the pennies 
could either be kept or saved to buy trinkets and 
the toys that were displayed on shelves in the 
experimental room. Purchase of toys could be 
made at the end of each session. The number of 
correct responses per penny varied from one to 
six, with the average being three. The first session 
ended when S received 10 pennies. 

On Day 2, E reminded S about the intermittent 
reinforcement procedure. The training set and 
S+ were the same as on Day 1. After S made 
six successive correct responses, there was one trial 
with a test set. From then on, a test trial fol- 
lowed every four to six correct responses with the 
training set until each of the three test sets was 
presented four times. No responses were rein- 
forced in the tests. Several trials with the train- 
ing set followed the twelfth test trial. Finally, S 
was asked to identify the block that had hidden 
the penny from among the six stimuli that com- 
posed the day's training and test sets. 

On Day 3, the correct stimulus had a different 
relation to the members of the training set than it 
had on Days 1 and 2. The E told S that the game 
was the same, but that the pennies would be under 
a different block. Intermittent reinforcement was 
used throughout the session. Testing began after 
six consecutive correct responses and continued as 
on Day 2. After each test set appeared four times, 
there were several trials with the training set, 
and the day ended with S being asked to identify 
S+ when it was presented simultaneously with the 
other stimuli used in the session. 

Day 4 was like Day 3 except that S+ had a dif- 
ferent relation to the training set stimuli than it 
had on any of the earlier days. 

Table 1 shows the three sets used with each 
training set. When S+ was the smallest of three 
blocks, the test sets were all smaller than the 
training set; when S+ was the largest block of 
the training set, the test sets were all larger than 
the training set. This arrangement guaranteed that 
the same stimulus was not simultaneously the one 
closest in size to S+ and the one with the same 
relation to the other set members as S+ had to 
the training set. When S+ was the middle-sized 
block, the test sets could be either larger or smaller 
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ini vithout the same stimulus 
than Hie ur po. oe closest in size to S+ 
being Ec sized The test sets were selected 
and ge were one, two, and three steps dif- 
ee Sal respective training sets. Within- 
ferent mon was the same in the training and 
act recap " With a stimulus series in which each 
thenant = laber differs equally from the next, 
sraa M steps were formed by substituting the 
sey lus in the series for the member of the 
T that was the most different from it. 
prev 


RESULTS 


nce with the training sets. —The 
ste ag cai made by individual Ss in 
ame the first discrimination to the cri- 
teari na five successive choices of S+ ranged 
i is number of trials to criterion ranged 
Il "The means and the distributions of 
imd and trials did not differ for the three 
ipee sor when S+ was the largest, smallest, 
pigs c] doe stimulus. : f 

The change from continuous to inter- 

mittent reinforcement produced no more than 

rror. The discriminations on Days 3 
— 4 were learned with a maximum of three 
and ; 26 of the 28 Ss had either one or 
ag see al No error ever occurred with a 
TARE set after testing began. 

Responses in the tests—The Ss had four 
trials with each test set under each of the 
three training conditions. Figure 1 shows 
the percentage of Ss in each group who 
transposed with all of the test sets. Fol- 
lowing training to respond to the largest or 
the smallest stimulus, all but one S jn each 
group always chose the test square having 
the same relation as S+. Following train- 
ing to respond to the middle-sized stimulus, 
à e probability of uniform transposition de- 
ind as within-set similarity decreased, 
Figure 1 also shows the percentage of Ss 


TABLE 1 
TRAINING AND TEST SETS 


Test sets 
Training set 
Las lstep 2 steps 3 steps 
678 | 5-67 | 45.6 |325 
1 $us 45-6 |567 | 675 
2 8-10-12 6-8-10 4-6-8 2-4.6 
2 | 2-4-6 468 | 6810 | 8-1012 
3 10-13-16 | 7-10-13 4-7-10 1-4-7 
3 [r£ | 4740 | 7-10-13 | ioh 
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children in each group 
test sets and who re- 
ith all test sets, 


Oices, i.e., always re- 
et member closest a 
each group respondec 


absolutely whether S. was the large, small, 


or middle-sized block. In addition, four 
other Ss in each of Groups 2 and 3 made 
absolute choices after middle-sized training. 
The Ss who neither transposed nor made 
absolute choices uniformly after middle-size 
training showed a decreasing frequency of 
transposition and increasing frequency of 


absolute choices as the test sets became less 
similar to the training set, 


ne S was studied with S+ 
ge, small, and middle-sized 
it was possible 


or age of the Ss, 
Choices, and 13 tra 
relational nature 
the remaining Ss 
S+. All 12 
either the lar. 


nsposed regardless of the 
of S+. The behavior of 
depended on the type of 
transposed whenever S+ was 
ge or small stimulus. When 

S+ was the middle-sized block, however, 8 
$ responded to the block closest in size to 

+ in all of the tests. For the other 4 Ss, 

there was Progressively less transposition 
and more absolute choices as the steps be- 
tween the training and the test set in- 
creased. Of these 12 Ss who transposed 
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with a large or small S+ and made either 
all or some absolute choices following train- 
ing with the middle-sized S+, 2 were in 
Group 1, 5 were in Group 2, and 5 were in 
Group 3. These differences in frequency 
were statistically significant, x? (2) = 6.0, p 
< .05. 

At the end of the three sessions involving 
tests, S was asked to select S+ from among 
the six stimuli comprising the training and 
the test sets of the day. In the 63 instances 
of sessions with uniform transposition, S+ 
was identified correctly 23 times. In con- 
trast, S+ was always identified correctly in 
the 17 instances when the task followed uni- 
form absolute choices, and in 3 of the 4 
Sessions when the frequency of transposition 
and absolute choices depended on the steps 
between the training and the test set. No S 
Was correct on every day on which he or she 
transposed with all of the test sets. The 
Proportion of identifications was about equal 
following uniform transposition with either 
the large, small, or middle-sized stimulus 


as S+. 


DISCUSSION 


The choices following training to respond to 
the middle-sized stimulus replicated and ex- 
tended Zeiler and Salten's (1967) finding that 
different children were controlled by different 
Stimulus aspects. Some were controlled by the 
middle-size relation and others by absolute size. 
Still others transposed with the test set most 
Similar to the training set and then made = 
increasing number of absolute choices = E 
test and training sets became more differen 
from each other. This behavior may reflect an 
inaccurate discrimination of absolute size, OT 


n 1 
absolute a d relational 
taneous control by 


Properties. The first alternative 1s 
Parsimonious one since the changes 1m respond 
ing are predicted by a model that trans: " ns 
absolute size into its ratio to the contex ix 
Stimuli (Zeiler, 1963). Further angunient 
against an explanation based on the eng ap oi 
oth absolute and relational properties Mi ii 
Other research showed that Ss who E 
both aspects of stimuli had the opposite pa = 
choices: they responded to the. maius 
Closest in size to S+ with similar manara ^ 
test sets and transposed only when the diffe : 
ences between the training and test sets Wer 


increased (Zeiler, 1964). 
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Except for the one S in each group who al- 
ways responded to the stimulus closest in size 
to S+, all of the Ss transposed following train- 
ing to respond to the largest or the smallest 
training block. Thus, although the present ex- 
periment did not replicate Lashley's (1938) 
finding that Ss were able to learn a discrimina- 
tion when S4- was the large or the small stimu- 
lus, but not when it was middle-sized, it did 
replicate Lashley's observation of uniform 
transposition when S+ was the largest or the 
smallest set member. Some Ss also transposed 
whenever S+ was middle-sized, but the major- 
ity in Groups 2 and 3 were controlled by abso- 
lute properties following middle-size training. 
These data replicated Zeiler and Gardner's 
(1966) finding of a positive relation between 
transposition and within-set similarity. In 
general, then, the frequency of relational con- 
trol depended on the particular relational char- 
acter of S+ and was influenced by within-set 
similarity only when S+ was the middle-sized 
stimulus. 

Large and small stimuli do not produce rela- 
tional control under all conditions. Zeiler 
(1966) found that Ss of the same age as those 
of the present study transposed after being 
trained to respond to the larger of two squares 
only when the set was composed of stimuli quite 
similar to each other. The present finding of 
transposition following training with a large 
or a small S+ independent of within-set simi- 
larity seems to be due to the use of three 
rather than two stimuli, Relational control 
with three stimuli may occur because the large 
and small stimuli have the same relation to 
both of the other set members. The frequent 
shifts to absolute control with a middle-sized 
S+ are perhaps the product of the middle-sized 
block having a different relation to each of the 
other set members. 

The results of another study (Zeiler, 1965) 
suggested that the present findings could not 
be attributed to the within-S design. In that 
experiment, separate groups of children were 
trained to respond to the largest, smallest, and 
middle-sized of three stimuli, and individual Ss 
received either one or two test sets. The groups 
trained with a large or a small S+ showed 
nearly perfect transposition; the group given 
middle-size training made many absolute 
choices. 

The posttransposition test data of the present 
experiment showed that the same Ss may or 
may not learn the absolute size of S+ when 
they are controlled by the relations. The Ss 
could select S+ on the basis of its absolute 
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properties in less than 40% of the sessions of 
uniform transposition. In contrast, whenever 
S always responded to the test stimuli closest 
in size to S+, and, in most of the other cases 
in which there was evidence for absolute con- 
trol, S+ was identified correctly. Thus, the 
same S would accurately select the stimulus on 
a day of absolute choices and be incorrect on a 
day of uniform transposition. Stoddard (1968) 
reported a related phenomenon: children fre- 
quently could not respond on the basis of the 
absolute properties of S+ after it had appeared 
as the odd member of a multistimulus array. 
Although the learning of absolute properties 
may accompany the learning of a relation, it 
often does not in either size or oddity discrimi- 
nations. Whether Ss controlled by absolute 
properties also learn the relation of S+ to 
the other members of the training set remains 
an open question. 
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The question was why a list of rhy: 
than a list of unrelated pairs. It 
restricts the range of response al 
converting recall into a recognition 


proved confirmatory. 
for pairs, which restricts alternativi 


facilitated performance as much as did a rhyming rule. 


ming paired associates is learned faster 
is proposed that the rhyming relation 
ternatives to the stimulus, practically 
test. Several tests of this hypothesis 


First, an assonance (change of last phoneme) rule 


es about as much as a rhyming rule, 
Second, when 


response alternatives were equated by multiple-choice tests for memory, the 


advantage for rhyming pairs vanished. 


A third experiment showed that 


the presence of some rhyming pairs in a list induced S to generalize this rule 
inappropriately to other pairs, thereby suffering interference on those pairs 


composed by re-pairing rhyming units. 


It is a well-known fact of everyday life, 
and even of the laboratory, that rhyming is 
an aid to memory. Poetry, at least rhyming 
Verse, is more easily learned than prose 
(MeGeoch & Irion, 1952). The popular 
Mnemonic systems (e.g. Furst, 1948) pro- 
pound and exploit the power of rhymes, and 
Most of us have learned the alphabet, the 
number of days in the months, and the order 
ànd names of cranial nerves, etc., by one or 
another rhyming mnemonic. These mne- 
Monics, or the poetry, songs, and limericks 
Which they resemble, display two organizing 
features for the memorizer: rhythmic pat- 
tern, or meter, and rhyming of the end word 
In successive repetitions of the rhythmic pat- 
tern, 

The mnemonic function of rhythmic pat- 
tern may stem from its counting and place- 
‘eeping features, ie., it tells S the number 
and order of stressed syllabic units in each 
constituent (line). But putting aside any 
analysis of rhythmic pattern, we shall here 
Ocus on the rhyming feature of poetry. 

aring matters down to the merest bones, 
r lyming is a relationship between two words 
?* phonological compounds. Specifically, a 
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word which rhymes with "hat" is a word 
obtained by altering the first phoneme but 
leaving the remaining phonemes the same 
(as in "cat," "mat," and "bat"). 

This suggests that one can study the in- 
fluence of rhyming at the elementary level 
of paired associates, as was done here. There 
is little doubt that adult Ss would learn a 
list of rhyming pairs much faster than a 
list of unrelated pairs. The interesting ques- 
tion is why this is so. What is it about 
rhymes that makes them memorable? Is 
it their frequency of cooccurrence in the 
language? Is it common associative link- 
ages? Is it simply a result of formal 
graphemic similarity? Will rhymes be bet- 
ter in all circumstances, or can one create 
conditions where they lose their advantage 
over unrelated pairs? Can one construct a 
list of nonrhyming pairs which, because of 
a simple structure, will confer the same 
memorial benefit as do rhyming lists? 

One obviously seeks for some hypothesis 
to explain why rhymes work in most cases. 
The search need not go very far because on 
closer examination, an elementary hypothesis 
suggests itself. The hypothesis is that 
rhymes are normally easily learned because 
knowledge of the rhyming relation consider- 
ably restricts the range of response alterna 
tives that need be considered for a given 
stimulus. That is, knowing the stimulus 
term and knowing that the correct response 
rhymes with the stimulus, one is able to 
exclude many list responses from consider- 
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i restricting consideration to only the 
vetas candidates, Furthermore, This 
knowledge suffices to reduce an ostensible 
recall task almost to a recognition task since 
S can often implicitly generate most of the 
plausible rhyming responses and he need 
only select that response candidate recently 
experienced in this list context. 

This hypothesis supposes that there are 
two important components that determine 
performance on rhyming pairs : First, 5 must 
know or believe that a given stimulus has 
a rhyming response ; and second, this knowl- 
edge then enables him to restrict the response 
alternatives to the stimulus. The former 
knowledge can be given by a whole-list rule, 
viz. all pairs rhyme, which S will quickly 
learn. Or it can be provided by an external 
discriminative stimulus, as was done here 
(viz., stimulus words printed in red have 
rhyming response terms). But even if these 
external cues are lacking, S may nonetheless 
adopt a rhyming strategy for generating 
guesses to unlearned items if there are suffi. 
cient rhyming pairs in the list to make this 
strategy worthwhile. So even without cues 
distinguishing rhyming from unrelated pairs, 
performance may be superior on rhyming 
pairs due to such strategic response biases, 

The three experiments to be reported were 
testing various aspects of this hypothesis to 
explain the memorial benefits of rhyming, 

In the first two experiments, by instructions 
plus a discriminative stimulus, $ knew which 
stimuli in the list had a rhyming response 
and which had an unrelated response. In 
the last experiment, this external cue was 
lacking, and S had to figure his way through 


a very interfering list of scrambled rhyming 
words. 


EXPERIMENT I 


The first experiment was 
three aims, and for each a particular group 
of Ss was run. The first aim was simply 
to demonstrate, for the formal record, that 
when appropriate discriminative information 
is available to S, he will perform much better 
on rhyming pairs than on unrelated word 
pairs. The second aim was to demonstrate 
that a facilitation similar to that conferred 
by rhyming could be produced by a different 


designed for 
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relational rule that does not involve rhyming. 
The relationship between the cue and re- 
sponse term in this case was a simple change 
in the last phoneme (e.g, HAT-ham, BIN- 
bit). With CVC word pairs, this assonance 
tule appears to be about as restrictive of re- 
sponse alternatives as is the rhyming rule. 
That is, for the CVC stimuli used, approxi- 
mately the same average number of CVC 
response words could be derived from it 
using either the rhyming or the assonance 
rule. If the assonance rule is approximately 
as restricting of response alternatives as 15 
the rhyming rule, it should produce a similar 
magnitude of facilitation in performance as 
compared to unrelated word pairs. 

The third aim was to show more directly 
that the restriction of response alternatives 
was the main effect of the rhyming relation. 
To this end, a multiple-choice recognition 
test for memory was used in which the rhym- 
ing pairs and unrelated word pairs Mec 
equated with respect to restriction UN 
number of response alternatives. Furt pu 
more, in half of the cases, the rhyming i 
formation was rendered useless by a 
all the multiple-choice alternatives ien 
with the stimulus term (e.g., the cue pn 
and response alternatives fat, cat, mat, he 
pat). The idea was that by rendering th i 
rhyming rule nondiscriminative with respec? 
to these response alternatives, the perform 
ance difference between rhyming and unre- 
lated pairs would disappear completely. 


Method 


Subjects—The Ss were 30 Stanford undergrad- 
uates fulfilling a service requirement for their i 
troductory Psychology course. They were o 
individually and assigned in random order 10 ue 
three experimental conditions, with equation es 
male-female Proportions in each group. Thére 
were 9 Ss in the rhyme and end-change group 
and 12 in the multiple-choice group. h 

Design and procedure-—The three groups pe 
learned one list of 36 paired associates for nin 
anticipation trials; the pairs were tested an 
Studied at a 2:2-sec. rate on a memory drum NT 
shown in a new random order on each trial. Dom 
stimulus and response terms for all lists s 
CVC words, almost all nouns. The list for Grouf 
R (rhymers) consisted of 18 rhyming pairs type! 
in red letters mixed in with 18 unrelated pairs 
typed in black letters. The list for Group 
(end-change) consisted of the same 18 unrelate' 
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pairs as in Group R plus 18 pairs in which the 
Tesponse word was related to the stimulus word by 
altering the last letter (phoneme). The latter 
18 stimulus terms were the same as in the R list; 
only the response terms differed. In List E, the 
end-change pairs were typed in red and the unre- 
lated „pairs in black. The list for Group M 
(multiple-choice) consisted of 36 pairs divided into 
6 pairs each of six different types, as follows: (a) 
rhyme-rhyme (RR) pairs, in which the stimulus 
and response rhymed and all four distractors on the 
multiple-choice tests rhymed with the correct 
response; (b) rhyme-unrelated (RU), in which 
the stimulus and response rhymed, but the four dis- 
tractors were unrelated to the correct response; 
(e) unrelated-rhyme (UR), in which the stim- 
ulus and response were unrelated, but the four 
distractors rhymed with the correct response ; (d) 
unrelated-unrelated (UU), in which the stimulus 
and response were unrelated and the four dis- 
tractors were unrelated to the correct response; 
(e) rhyme (R), in which the stimulus and re- 
sponse rhymed and S had to recall or anticipate 
the correct response, not select it from a multiple- 
choice list; and (f) unrelated (U), in which the 
Stimulus and response were unrelated and S had 
to recall or anticipate the correct response. 

In total, there were 18 rhyming pairs and 18 
Unrelated pairs, 24 pairs tested by multiple-choice 
Tecognition and 12 pairs by anticipation recall. 

l pair types appeared in a new scrambled order 
On each trial. The cue term for the rhyming 
Pairs was typed in red, and the stimulus-response 
Pair during the study interval was also in red. The 
Unrelated pairs were typed in black letters. On 
Tecognition frames, the cue term appeared to the 
eft, followed by a dash and then five response 
alternatives, the correct one plus four distractors 
in random order, After 2 sec, the memory drum 
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Correct 
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Proportion 
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turned to display the correct cue-response pair for 
2 sec. For a given recognition item, the same five 
multiple-choice alternatives appeared over all nine 
trials, but in a different left-right order on each 
trial. The R vs. U recall items in this third list 
are essentially a small replication of the comparison 
provided in List R. 

Before the experiment began, all Ss were in- 
formed about the nature of their list, in particular 
that red cue terms had rhyming response terms 
(or end changes in List E). They were instructed 
to use this knowledge to make a guess even on the 
first trial before they had seen the correct S-R 


pairing. 


Results 

Recall learning.—Group R provides a 
within-list comparison of the ease of learning 
rhyming vs. unrelated pairs, and Group E 
provides a similar comparison for end-change 
pairs. The mean proportions of correct re- 
sponses over trials for the two subsets of 
items in each list are shown in Fig. 1, Group 
R in Panel a and Group E in Panel b. 

In Group R, there was a large advantage 
for rhyme pairs: they started at a higher 
level on Trial 1 and maintained their superi- 
ority over all nine trials. The mean correct 
responses over the nine trials per item per S 
were 5.95 for rhyme pairs and 4.11 for un- 
related pairs. The mean difference, 1.84, is 
highly significant, ¢ (8) = 4.26, p « .001. 

In Group E, there was a similarly large 
advantage for the end-change pairs over the 
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unrelated pairs: they started ata higher lepel 
on Trial 1 and maintained their Span 
over all nine trials, with some irregularity in 
learning after Trial 6. The mean correct 

Á 5 ver the nine trials per item per S 
responses ove à d 3.61 for 
were 5.38 for end-change pairs an Suh 
the unrelated pairs. The mean difference, 
1.77, is highly significant, ¢ (8) = 6.19, p < 
.001. f 

The end-change pairs were somewhat more 
difficult than the rhyming pairs, but their 
means do not differ reliably. Similarly, the 
unrelated pairs are slightly, though not sig- 
nificantly, harder in the E list context than 
in the R list context. Importantly, the ad- 
vantage conferred by the end-change rule 
(1.77) is not reliably different from the 
advantage conferred by the rhyming rule 
(1.84), t (16) = 21, p> 20. This indi- 
cates that the rhyming effect can be mimicked 
by employing nonrhyming rules that are ap- 
proximately equally restricting of the number 
of response alternatives, Thus, there is 
nothing uniquely special about the rhyming 
relation, 

The R and U recall items in List M repli- 
cated the main results shown in Fig. la for 
List R. The R pairs were consistently ahead 
of U pairs from Trial 1 onward. The mean 
correct responses over nine trials per item 
per S were 4.97 for R pairs and 3.89 for U 
pairs in List M. 

In comparing performance on the R vs, U 
items (or E vs, U items), it should be noted 
that both the stimulus and response words 
differed in the two sublists. Stimulus and 
response factors could have been equated in 
a between-S design, with some Ss learning 
only the R pairs and other Ss learning the R 
pairs scrambled. But the latter condition 
might create associative interference, with 
the two rhyming words in the scrambled R 
list competing in recall to an unrelated 
ulus, and that effect could 
between-S comparison of R and U lists. 
Since the words used were familiar CVC 
nouns and stimuli were randomly selected 
for the large R and U item pools, it was 
believed that the R and U sets would be 
approximately equated in terms of frequency, 
meaningfulness, and concreteness of the 
items. In any event, it was felt that any 


stim- 
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differential in these factors remaining after 
random selection of items would have small 
effects on learning relative to the predicted 
effect of the pairwise rhyming rule. 

Since Fig. la and 1b show that R or E 
pairs start ahead of U items on Trial 1, e 
question naturally arises whether the Pe 
vantage for these pairs is merely in initia 
"guessing" probabilities, with no funda- 
mental difference in learning rate once the 
differential guessing is partialed out of the 
performance (cf. Bower, 1962). To auem 
this question requires a presupposition ahan 
the learning curve and its parameters. lt 
shall be answered with respect to the assump- 
tion that the mean learning curve for a given 
type of item can be described by the equation 


h=1- (1-A) 0), [1] 


where p, is the proportion correct on UT 
, py is the proportion correct on Lag 
and 6 is the learning-rate parameter. iety 
is a growth curve derivable from a [s 
of underlying assumptions about how pm 
ing occurs. Since Ss were allowed to the 
responses, the parameter hi MuR of 
tendency to respond times the qu M 
guessing correctly given a response. see 
R and E items were colored red and - vina 
instructed regarding the significance 0 for 
cue, the tendency to respond was higher ct 
R and E items than for U items. eg 
guesses on U items could hardly ever id 
correct. The analysis that follows wou d 
not be materially changed if p; is meg = 
as simply the initial tendency to give M 
Correct response under the given exper 
mental conditions, ES 
In terms of the parameters in i o é 
we can be reasonably confident that S 
rhyming or assonance rules increase fi € 
that for unrelated pairs. The question ^ 
whether these rules also produce a c- 
in 6, the learning-rate parameter. di: 
answer this question, @ values were es 
mated for each § for his two subsets 9 
items (R vs. U or E vs. U) by (a) gu 
mating p, from S's proportion correct 
each subset on his Trial 1 guess and ( s 
equating the sum of Pn from Trials 1-9 t 
his observed mean correct responses per ite™ 
in that subset over the nine trials. The 
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resulting 6 estimates should be approximately 
normally distributed, and the difference be- 
tween the two 6 values for a given S (R-U 
or E-U) should also be normally distributed. 

For Group E, the mean fı estimate was 
-250 for end-change items and .006 for un- 
related items. The average 0 value was .17 
for E items and .14 for U items, and these 
are not significantly different. For Group R, 
the mean p, estimate was .123 for rhyme 
pairs and .006 for unrelated pairs. The 
average 0 value was .28 for rhyme pairs and 
-17 for unrelated pairs. These latter 0 values 
differ reliably by a paired t test, ¢ (8) = 2.63, 
b < 0l. Examining the R vs. U learning 
curves in Fig. la, however, the differential 
learning rates for R and U items are ap- 
parent only over the first trial or two. For 
example, the increment in correct response 
probability from Trial 1 to Trial 2 was 22% 
for R items and only 2% for U items. That 
the differential in net @ values is caused by 
the first-trial increment was shown in a re- 
analysis using Equation 1, but altered by re- 
placing pı by the observed f» and estimating 
9 over Trials 2-9. By this analysis, the 0 
values for R and U items no longer differ 
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reliably, ^ (8) = 1.19. This result sugges 
that on Trial 1, Ss predominately selecte 
the rhyming pairs for rehearsal and learnin; 
postponing learning of the unrelated pai: 
for later trials. 

With the latter emendation, these analyse 
of learning rates are consistent with the basi 
hypothesis; i.e., S-R rules restrict the rang 
of response alternatives so that pı is strongl: 
affected, while the learning rate @ is no 
significantly affected. 

Recognition learning—Learning curve 
for the four types of recognition items ar 
shown in Fig. 2; the first letter (R or U) 
in the designation of the item type refers tc 
the nature of the correct S-R pair, and the 
second letter refers to the relation betweer 
the correct response and the distractors or 
the multiple-choice test. The RU item: 
begin at a high level on Trial 1 and remain 
high. This was expected, of course, since 
knowledge that red items rhyme is sufficient 
to enable S to select the correct response 
without further training on these RU items. 
The only puzzle is why this curve is not at 
10096 on all trials. It is suspected that dis- 
ruption of perfect performance was caused 


" 
-a-e 


5 6 T 9 


Trials 


FiG.2. Proportions of co 


rrect S-R recognitions over trials for the four types of 
recognition items in List M. 
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by the brief Z-sec. test interval, during which 
S had to read the stimulus word, classify it 
as red and a rhymer, and then look for a 
rhyming response among five alternatives. 

The remaining three types of items, RR, 
UR, and UU, have similar learning curves, 
with no type being clearly superior to the 
others. They begin on Trial 1 at the chance 
level of 20%, as they should. An overall 

ure of total correct responses in nine 
tids per item per S gave 6.04 for RR items, 
5.65 for UR items, and 5.04 for UU items. 
An overall F test for repeated measures on 
these three means yielded significance at the 
.05 level, F (2, 22) = 4.74. 

The recognition procedure reduced the 
previous difference between rhyme and un- 
related pairs found with the recall procedure 
in List R. However, the hypothesis had 
predicted that these three types of recog- 
nition pairs, RR, UR, and UU, would not 
differ since they were equated on the number 
of response alternatives and since, for RR 
items, the rhyme rule was rendered useless 
for selecting the correct response. There- 
fore, the significant difference in this three- 
way comparison was disturbing to the 
authors, and this led to Exp. II. 


EXPERIMENT II 


According to the hypothesis, the RR, UR, 
and UU recognition items in List M should 
not have differed in difficulty, yet they did 
at a marginal level. Why should that be? 
One possibility is that the RR and UR items 
were easier than the UU items because in 
the former cases, S really had to learn only 
the first letter of the correct response since 
the last two letters of all alternatives in RR 
and UR items were the same. This seemed 
implausible, given the usual belief that words 
are treated as intact units. A second pos- 
sibility is that the three types of items were 
represented by an unfortunate specific sample 
of pairs that, by chance, turned out to be 
unequally difficult for idiosyncratic reasons 
unrelated to the basic hypothesis under test. 
By the nature of the experiment, one could 
not counterbalance over Ss the condition to 
which a particular pair was assigned. What 
one can do, however, is to try to replicate the 
result with a larger set of new pairs of the 
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three types. If the RR, UR, and UU dif- 
ferences are real and important, then they 
should appear again with a new and larger 
sample of these item types. If, on the con- 
trary, the former differences resulted from 
an unfortunate sample of items, the differ- 
ences due to item types should vanish upon 
replication with new and larger samples. 


Method 


Design and procedure.—A single group of 12 Ss 
(Stanford undergraduates) had nine trials on a 
36-item recognition list consisting of 12 items each 
of Types RR, UR, and UU. The RR items were 
typed in red, and the UR and UU items were 
typed in black. The Ss were instructed about the 
significance of this cue before the experiment 
started. 

The 12 instances of each item type were new, 
with some derived partially from items used in 
List M of Exp. I. For example, six of the UR 
items were composed by assigning the former RR 
response terms to a former UU stimulus form. 
Six of the new RR items were composed by adding 
new R terms to the stimuli from the former UR 
Pairs. Six of the new UU items were made by 
assigning a former UU set of response alternatives 
to a former RR stimulus term. The remaining six 
items in each condition were composed, some 
anew and some from the 18 R and U items in the 
former List R of Exp. I, using only those R and 
U items that had been of medium difficulty. It 
was hoped that by these complex machinations, we 
had equated or randomized out any differences in 
idiosyncratic difficulty of the items assigned to 
the three types. 

The 36 items were presented in a new scrambled 
order each trial, with a guess required on Trial 1. 
The anticipation interval was lengthened to 4 sec. 
to give S more time to select and say aloud his re- 


sponse. After the anticipation interval, the correct 
S-R pair was shown for 2 sec, 


Results 


The mean learning curves for the three 
types of items are shown in Fig. 3. They 
start together at 20% on Trial 1 and are 
closely intertwined throughout the course of 
learning. There are no apparent differences 
in learning among the three item types, and 
this is confirmed by further analyses. The 
mean total numbers of correct responses 
Over nine trials per item per S were 6.07 
for RR items, 6.18 for UR items, and 6.13 
for UU items, These means obviously do 
not differ significantly. 

The lack of differences here with this 
larger sample of items makes plausible the 
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presumption that the prior differences in 
List M of Exp. I resulted from misfortunes 
of small samples. If so, then the lack of 
differences in Exp. II would support the 
hypothesis, viz., that rhyming pairs benefit 
from restriction of response alternatives and 
that the effect vanishes when the alternatives 
are similarly restricted for nonrhyming pairs. 
However, since the anticipation interval was 
Shorter in Exp. I (2 sec.) than in Exp. II 
(4 sec.), it is possible that the rhyming 
effect, that RR items exceed UU items in 
recognition, is genuine (not due to chance 
selection of items) but rate sensitive. That 
is, in order to perform successfully with brief 
anticipation intervals, S might be forced into 
recalling from the cue alone because there 
may be insufficient time for him to read and 
classify the stimulus word, then read five 
response alternatives, recognize the correct 
one, and say it aloud. If rapidly paced 
Tecognition tests encourage S to use the 
recall mode, then rhyming pairs would be 
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favored over unrelated pairs, as Exp. I (see 
Fig. la) has shown. This interpretation 
requires checking by running the recognition 
list of Exp. II with the 2-sec. anticipation 
interval. 


EXPERIMENT III 


Experiment I showed that pairs exempli- 
fying a rhyming relation are facilitated in 
performance relative to unrelated pairs. Ex- 
periment III was designed to show that in- 
appropriate generalization of a rhyming rule 
could retard learning of selected pairs in the 
list. The 24-item list in Exp. III consisted 
of eight rhyming (R) pairs, eight unrelated 
(U) pairs, and eight rhyming-interference 
(RI) pairs, all printed in black letters, so 
there was no cue informing S which were 
the rhyming pairs. The RI pairs were con- 
structed by re-pairing the stimulus and re- 
sponse words from eight rhyming pairs. For 
example, from the normal rhymes PIN-fin, 
cAT-hat, TAN-ban, the RI pairs might be 
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tions of correct S-R recognitions over trials for the 
R, UR, and UU items of Exp. II. 
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pin—hat, cAt—ban, and TAN-fin. The differ- 
ence between such RI pairs and the U pairs 
is that for the RI pairs, the rhyming unit 
to the stimulus is an available response in 
the list, but is assigned to another stimulus; 
on the other hand, the U stimuli did Not 
have a specific ae response primed into 
vailability by the list. 

"ile "Ss were informed that some of the 
pairs in the list conformed to a rhyming 
rule. Since there were no cues distinguish- 
ing the rhyming items from the others, it 
was predicted that S would generalize this 
rhyming rule to other stimuli, using it as 
a ‘response-selection strategy for unlearned 
pairs. Such inappropriate rule generalization 
should have particularly debilitating effects 
on the RI items, producing many intrusions 
and much response competition from their 
rhyming (incorrect) responses available in 
the list. 


Method 


Each S learned a 24-pair list by the anticipation 
method for nine trials, with a guess requested on 
Trial 1. The anticipation interyal was 4 sec., and 
the S-R study interval was 2 sec., both controlled 
by external timers to a memory drum. The 24 
pairs were selected from the lists of Exp.I. The 
8 rhyming pairs were those of medium difficulty 
from Cond. R of Exp. I; the 8 U pairs were those 
of medium difficulty from the U pairs of Exp. I. 
The 8 RI pairs were composed by randomly re- 
pairing 8 remaining pairs from the R condition of 
Exp. I. The 24 items were printed in black type 
and occurred in a scrambled order each trial. The 
Ss were told that the list to be learned contained a 
number of rhyming pairs and that they should 
try to guess the correct response even on the first 
trial. 

The Ss were nine males 
tending summer classes at Stanford. Eight Ss 
were fulfilling a service requirement for their 
introductory psychology course, whereas 10 Ss 
were paid for their participation, This variable 
produced no difference in learning proficiency, so 
the two subgroups were pooled. Each pair of Ss 
received a different random order of the 24 items 
within each trial and varying across trials. 


and nine females at- 


Results 


The performance curves for the different 
types of items are shown in Fig. 4, The 
conditions are consistently ordered, with R 
items best and RI items worst. The mean 
numbers of correct responses over nine trials 
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Fic. 4. Mean correct recall percentages for the 
R, U, and RI pairs of Exp. III. 


per item per S were 5.12 for R items, 3.97 
for U items, and 2.91 for RI items. The 
overall F test comparing these means is sig- 
nificant (df 22, 51, p< .001), and New- 
man-Keuls comparisons show that all pair 
wise differences are significant at least 
beyond the .025 level. So, relative to the 
unrelated pairs, rhyming facilitates and 
rhyming interference. retards performance. 

Further analyses revealed relevant sources 
of errors. Next to omissions, the largest 
class of errors are intruding responses that 
rhyme with the stimulus word. For R and 
U items, these rhyming errors are necessarily 
extralist intrusions ; they account for 58% 
and 27%, respectively, of the overt errors to 
R and U items. There are many more 
rhyming errors to RI items (2.5 times the 
number for U items) ; 44% of these intru- 
sions to an RI item came from its lone 
thyming response in the list (which was not 
paired with the RT stimulus). A rhyming 
response primed into availability by its ap- 
Pearance in the list thus intrudes inordi- 
nately, compared to any particular extralist 
rhyming response, 

To summarize the results of Exp. III, the 
Presence of some rhyming pairs in the list 
leads S to adopt a rhyming response bias on 
unlearned pairs, especially if the rhyming 
Tesponse is available in the list. The con- 
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sequence of this generalized rule is facilita- 
tion of performance on R pairs and inter- 
ference with performance on RI pairs. In 
a small experiment run to secure this analy- 
Sis, nine S's were run 10 trials on a list of 
24 pairs composed only of U and RI items 
in equal proportions, and the instructions 
contained no mention of rhymes. Since Ss 
should not adopt a rhyming strategy in this 
case, one would expect no difference in per- 
formance here to the U and RI items. This 
Was verified: mean correct responses over 
the 10 trials per item per S were 4.77 for U 
items and 5.13 for RI items. The small 
difference (in the opposite direction) is not 
Significant, ? (8) = 1.15, p > .10. This pat- 
tern of results means that the differential 
error rates for U and RI items depend on S 
having a rhyming response bias, which was 
induced in Exp. III by instructions and the 


Presence of rhyming pairs in the list. 


Discussion 


A final comment is required concerning the 
analysis of how S-R rules facilitate perform- 
ance. It appears likely that a response-re- 
Stricting rule will facilitate performance only if 
S can in fact readily generate elements of the 
restricted response set from the stimulus plus 
Tule. The rhyming and assonance rules, which 
facilitated performance in Exp. I, restrict the 
response term so as to match the stimulus term 
in the final or initial phonemes, respectively. 
These are good cues for generating alterna- 
tives, Experiments by Horowitz, White, and 
Atwood (1968) have shown that initial and 

nal phonemes are good cues for retrieving 
Words from memory, whereas middle fragments 
of a word are appreciably poorer cues. For 
instance, __ogn__ is a poor retrieval cue for 


the word “recognize.” Such results tell us 
something about the phonetic indexing of words 
in long-term memory. 

Reflections on the phonetic organization of 
the verbal store suggest an alternative formula- 
tion of the present hypothesis about rules. The 
alternative formulation is that the stimulus word 
plus the rule specify an indexing code with 
which S can enter his memory to locate the 
response word. This index either directs S’s 
search to a restricted region of memory or, al- 
ternatively, is used like a “call number” to 
retrieve a restricted set of responses from 
which the list response can be selected (be- 
cause it has been recently tagged in the ex- 
perimental context). But if long-term memory 
for words is organized phonemically in specific 
ways, then certain types of indexing codes will 
be relatively useless in that they will retrieve 
nothing. A literal interpretation of the Horo- 
witz et al. (1968) results is that words in 
long-term memory are not filed or indexed 
according to their middle phonemes. This 
would imply, e.g., no facilitation of performance 
if the stimulus and response words of a pair 
overlapped, say, in the middle three of nine 
letters. Most Ss would simply be unable to 
find or generate acceptable candidate responses 
from such an index code. 


REFERENCES 


Bower, G. H. An association model for response 
and training variables in paired-associate learn- 
ing. Psychological Review, 1962, 69, 34-53. 

Furst, B. Stop forgetting. Garden City, N. Y.: 
Garden City Books, 1948. 

Honowrrz, L. M., Wuite, M. A., & Arwoop, D. W. 
Word fragments as aids to recall: The organiza- 
tion of a word. Journal of Experimental Psy- 
chology, 1968, 76, 219-226. 

McGeocy, J. A., & Irton, A. L. The psychology of 
human learning. New York: McKay, 1952. 


(Received March 29, 1969) 


Experimental Psychology 
IM 82, No. 3, 462-466 


EFFECTS OF FACILITORY 


AND INHIBITORY SETS ON 


GSR CONDITIONING AND EXTINCTION? 
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The effects of facilitory (“It is in 


inhibitory (“It is intelligent to not 


classical conditioning of the GSR o 


Both acquisition and extinction data revealed: 


the facilitory group was significantly 
(p<.05); (b) GSR magnitude o 
was significantly larger than that of 
and (c) GSR magnitude of neither 
differed significantly from that of a 


Differential UCR habituation was associated with th 
of the facilitory and inhibitory groups. 

reported significant results were due to 
inhibitory set effects and not to their individ 


It has been a common finding that in- 
structional variables affect the course of 
human classical conditioning. As Grings 
and Lockhart (1963) pointed out, the in- 
structional variables have been usually of 
two general types: (a) those which inform 
S about how to respond (Hilgard & 
Humphreys, 1938; Nicholls & Kimble, 1964 ; 
Norris & Grant, 1948) and (b) those 
Which inform S about stimulus relationships 
(Bridger & Mandel, 1964; Cook & Harris, 
1937; Dawson & Grings, 1968). 

, Until recently, the first type of instruc- 
tional variable has been studied only with 
conditioning of skeletal responses. How- 
ever, Hill (1967) recently employed a vari. 
ation of the first type of instruction with con- 
ditioning of the GSR. Hil indirectly in- 
formed Ss how to respond by instructing a 
facilitory group that it was “the most adap- 
tive, sensible, and intelligent thing to become 
conditioned” and an inhibitory group that it 
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telligent to become conditioned,") and 
become conditioned") set on the 
f 80 college students were investigated. 
(a) GSR magnitude of 
at of the inhibitory group 
y and inhibitory groups 
itioning group (5 < 01) ; 
nor the inhibitory group 
tions conditioning group. 
e differential conditioning 
These data suggest that previously 


the summation of facilitory and 
ual effects. 


larger than th 
f the facilitor 
a pseudocond 
the facilitory 
neutral instruc 


was "the most adaptive, sensible, and intelli- 
gent thing not to become conditioned.” The 
results revealed that the magnitude of the 
GSR during conditioning was significantly 
larger for the facilitory group than for the 
inhibitory. 

Unfortunately, all that one may infer from 
Hill’s (1967) data is that the facilitory group 
responded more than the inhibitory group, 
which, although interesting, does not answer 
two primary questions: (a) Were the in- 
hibitory instructions successful in completely 
inhibiting GSR classical conditioning? and 
(b) Were the facilitory instructions success- 
ful in significantly facilitating GSR classical 
conditioning? In order to answer the first 


question, it is necessary to compare the re- 
Sponse magnitude of the inhibitory group 
with that of a 


pseudoconditioning group. 

the inhibitory instructions were successfü 
in completely inhibiting conditioning, then 
the response magnitude of the inhibitory 
group should not differ from that of the 
Pseudoconditioning group. In order to 
answer the second question, it is necessary 
to compare the response magnitude of the 
facilitory group with that of a neutral in- 
structions conditioning group. If the facili- 
tory instructions were successful in signifi- 
cantly facilitating conditioning, then the re- 
Sponse magnitude of the facilitory group 


should be significantly larger than that of 
462 


INSTRUCTED SET AND GSR CONDITIONING 


the neutral instructions conditioning group. 
It is the purpose of the present investigation 
to replicate the facilitory and inhibitory con- 
ditions of Hill with the additions of a pseudo- 
conditioning group and a neutral instructions 
group so that the two primary questions 
listed earlier may be answered. 


METHOD 


Subjects.—Eighty-six students enrolled in under- 
graduate psychology classes served as Ss. The 
data of 6 Ss are reported separately on the basis 
of a postexperimental inquiry. The remaining 80 

S were assigned to one of four groups by the 
method of block randomization. However, due to 
a procedural error which was not discovered until 
after data collection was completed, the number of 

S per group was not kept equal There were 
20 Ss in the facilitory group, 21 in the inhibitory 
Sroup, 19 in the neutral group, and 20 in the 
Pseudoconditioning group. 

Apparatus—The CS, a 1,000-Hz. tone of 50 db., 
Was produced by a Maico audiometer and delivered 
through earphones. The UCS, a dc shock, was ad- 
ministered through 1.7-cm. circular silver elec- 
trodes attached to the tip of the little finger and the 
back of S's left hand. The CS duration of 600 
msec., the UCS duration of 100 msec, and the 
CS-UCS interval of 500 msec. were controlled by a 
Stoelting three-channel timer. The intertrial in- 
tervals of 30, 45, and 60 sec. with an average of 

5 sec, were manually controlled according to a 
Preestablished block randomized order. 

The GSR was obtained as a dc resistance change 
through 1.3 x 1.6 cm. silver electrodes and recorded 
9n a Grass Model 5 polygraph. The electrodes 
Were coated with Burdick electrode paste and at- 
tached to the first and third fingertip of S’s right 
hand, Current through S’s fingers was 50 pa. 

Design and procedure.—Four independent EN 
Were employed. Three of the groups were SrA 
ministered CS-UCS pairings, while the fourtl 


Frou seudoconditioning trials. 
[AE d in terms of 


The three conditioning groups differed ibitory, or 

€ instructions presented : facilitory, inhibi gt 
Neutral. The experiment consisted of five par B 
l. Instructions. As in Hill's e : a 
Ment, the instructions were given in two P : 


First boe ups were pre- 
tioning groups | i 
» the three condi E of classical condi- 


sented a rather detailed review 

tioning and a description of the CS and oe 

In the present experiment. Second, the facili E 

and inhibitory groups were told that they ect 

Sontrol their responses through their attitudes. 
e facili was then told that it was 

: "qe di. agn intelligent thing 

the most adaptive, sensible, and intellige 

$ Fao while the inhibitory group 


come conditioned,” : ; 
onditi "the most adaptive, sensible, 


"as x x 
told that it was become conditioned.” 


intelligent thing to not 
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The neutral instructions group was not given the 
second phase of the instructions. The pseudo- 
conditioning group was merely told that tone and 
shock would be presented randomly. 

2. Shock alone. All Ss were administered three 
shock-alone trials at the intensities of 1.0, 1.2, and 
1.4 ma. 

3. Acquisition. — The three conditioning groups 
were presented 24 acquisition trials with 67% 
reinforcement. Nonreinforced trials occurred on 
Trials 3, 5, 9, 10, 13, 15, 16, and 21. The intensity 
of the UCS was gradually increased until it 
reached its maximum of 2.5 ma. on Trial 14. Dur- 
ing acquisition the pseudoconditioning group was 
presented unpaired CSs and UCSs in such a 
manner as to equate (a) the number of CSs, 
(b) the number, intensity, and interval between 
UCSs, and (c) the total testing time with that 
of the three conditioning groups. 

4. Extinction. All Ss were administered five 
presentations of the CS without the UCS. 

5. Postexperimental inquiry. All Ss in the 
facilitory group were asked whether they tried to 
become conditioned and all Ss in the inhibitory 
group were asked whether they tried to avoid 
becoming conditioned. 

CR definition.—The largest change in resistance 
with a latency of 1.0 to 3.5 sec. after the onset of 
the CS during a test trial was recorded as the CR. 
The resistance scores were transformed to the 
square root of the change in conductance and the 
logarithm of the change in conductance. Since the 
square root and the logarithm transformations 
yielded the same conclusions, only the square root 


data are reported. 


RESULTS 


Shock alone-—A Duncan’s range test with 
correction for unequal Ns (McGuigan, 1968) 
demonstrated that the UCR magnitude of 
the four experimental groups did not sig- 
nificantly differ on the first shock-alone trial. 
This finding supports the experimental pre- 
supposition that the four groups did not 
differ in their initial GSR responsivity. 

Acquisition—The mean GSR acquisition 
data are presented in Fig. 1. A weighted- 
means analysis of variance revealed a sig- 
nificant group effect, F (3, 76) = 14.51, p 
< .001, with no trial or Trial X Group inter- 
action effects. A Duncan's range test with 
correction for unequal Ns demonstrated : (a) 
the GSR magnitude of the three conditioning 
groups was significantly larger than that of 
the pseudoconditioning group (p < 01); 
(b) the GSR magnitude of the facilitory 
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roup was significantly larger than that of 
5 inhibitory group (p < .05) ; and (c) the 
GSR magnitude of neither the facilitory 
group nor the inhibitory group differed sig- 
nificantly from that of the neutral instruc- 
tions groups. In order to determine | the 
percentage of individual conditioners within 
each group, the following procedures were 
employed: First, each S’s mean GSR mag- 
nitude during acquisition was computed ; 
second, the difference between each indi- 
vidual's mean and the pseudoconditioning 
group's mean during acquisition was com- 
puted ; and third, the difference between each 
individual's mean and the pseudoconditioning 
group's mean was compared with the "least 
significant range" ( McGuigan, 1968, p. 208). 
If the difference between the individual's 
mean and the pseudoconditioning group's 
mean was larger than the "least significant 
range," then it was concluded that the indi- 
vidual in question did condition. Using this 
criterion, it was found that 10096 (20 of 
20) of the facilitory group, 8496 (16 of 19) 
of the neutral group, and 7695 (16 of 21) 
of the inhibitory group conditioned. 
Extinction—The mean GSR extinction 
data are presented in Fig. 2. A weighted- 
means analysis of variance revealed à sig- 
nificant group effect, F (3, 76) — 1571, p < 
001, and trial effect, F (4, 304) = 5.33, p< 


.01, with no interaction effect. A Duncan's 
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Mean GSR magnitude on extinction trials. 


range test with correction for unequal Ns 
demonstrated the same group differences to 
be significant during extinction as were pre- 
sented during acquisition, Using the cri- 
terion for inferring the percentage of indi- 
vidual conditioners described earlier, aaa 
found that 100% (20 of 20) of the nny 
group, 68% (13 of 19) of the neutral group, 
and 71% (15 of 21) of the inhibitory group 
retained the CR during the extinction trials. 
Postexperimental inquiry.—During the 
postexperimental inquiry, two Ss in the 
facilitory group stated that they did not try 
to become conditioned and four Ss in the 
inhibitory group stated that they did not 
try to avoid becoming conditioned. Although 
this sample size is too small to permit reliable 
statistical inference, it should be noted thet 
the mean GSR magnitudes during acquist; 
tion and extinction of all six "non-triers 
were larger than the means of the neutral 


instructions group during acquisition and ex- 
tinction. 


UCR habituation — 1n order to test the 
hypothesis that the difference in condition- 
ing between the groups is associated with 
differential UCR habituation, the difference 
between the first UCR magnitude and the 
last UCR magnitude was computed for all 
Ss. A Duncan's range test with correction 
for unequal Ns was applied to these differ- 
ence scores. It was demonstrated that (a) 
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UCR habituation for the inhibitory group 
was significantly greater than that for both 
the facilitory group (p < .05) and the neu- 
tral group (p < .05), and (b) UCR habitu- 
ation for the facilitory group was less than 
that of the neutral group, although not sig- 
nificantly so. 


Discussion 


The primary purpose of the present investi- 
gation was to determine whether (a) inhibi- 
tory instructions can completely inhibit GSR 
conditioning and (b) facilitory instructions can 
Significantly facilitate GSR conditioning. The 
Presently reported data indicate that (a) in- 
hibitory instructions do not completely inhibit 
GSR conditioning, although they do tend to 
decrease the level of conditioning when com- 
Pared to neutral instructions, and by facilitory 
instructions do not significantly facilitate GSR 
Conditioning, although they do tend to increase 
the level of conditioning when compared to 
neutral instructions. Taken together, the pres- 
ent results confirm the basic finding of Hill 
(1967), but suggest that her report of a sig- 
nificant set effect on GSR conditioning was due 
to the summation of facilitory and inhibitory 
effects rather than to the individual effects of 
each set. The present results are also com- 
Patible with reports which indicate that in non- 
Conditioning situations, autonomic yang 
can be modified by instructional sets (Stern 
Lewis, 1968; Sternbach, 1964). 

The present results dealing with the effects 
of set on GSR conditioning share several simi- 
arities with the reported effects of set on am 
id conditioning. One similarity is that inhi r 
tory set has been found to not completely - 
ish conditioning (Norris & Grant, ES ; 
Second similarity is that set has been foun 9 
Produce an immediate effect on CR „strength 

Kimble, 1967, p. 645). A third similarity ei 
"at the difference in conditioning heren 
acilitory and inhibitory groups 1s asana E 
With differential UCR habituation CNichone & 

imble, 1964). A dissimilarity is that ie 5 
OTY set and facilitory set have been pi ima 
nificantly to inhibit and to facilitate = m 
ing, respectively (Hilgard & sua «i 
Norris & Grant, 1948). However, before thi 


isst; SR and eyelid condi- 
ig, plait Depween i. basic difference in 


ioning is ; ted as a B 
E us Here it should be emphasized 


© response systems, L " 
that instructions used to establish sets in eye- 


lid conditioning experiments have been stated in 
very explicit terms (“blink” and “do not 
blink”), while the instructions used in GSR 
conditioning experiments are stated in implicit 
terms: "It is adaptive, sensible, and intelli- 
gent to become conditioned,” and “It is adap- 
tive, sensible, and intelligent to not become 
conditioned.” 

A frequent theoretical interpretation of the 
effect of instructional sets on classical condi- 
tioning is as a source of drive level (Hill, 1967; 
Lindley & Moyer, 1961; Wickens, Allen, & 
Hill, 1963). However, before any adequate 
explanation is developed, the possibility of 
skeletal mediation must be systematically in- 
vestigated. Katkin and Murray (1968) dis- 
cussed this problem in regard to the distinc- 
tion between “controlling” and “conditioning” 
autonomic responses, and much of what they 
had to say is relevant to the question of set 
effects. Although all Ss in the present study 
were told to sit still and none of the Ss re- 
ported using skeletal mediation, it is still possi- 
ble that small changes in muscle tension and 
respiration may have contributed to the differ- 
ences in GSR between the facilitory and inhibi- 


tory groups. 
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The effects of content abstractness on the recall of connected discourse were 
examined. Groups of Ss received two learning and recall trials with a list 
of 79 words at one of three levels of content abstractness. Half of the Ss 
were given the words in syntactic order; the remainder saw the words in 
a random order.  Abstractness affected total recall scores and the type of 
word recalled. Level of organization (syntactic vs. random) affected recall 
and the number and type of errors, especially on Trial 2. A triple inter- 
action indicated that recall was facilitated by syntactic order on the second 


trial only when the content of the passage was highly concrete. The results 
were interpreted as consistent with the hypothesis that thematic storage is in 


the form of imagery. 


A number of recent studies have investi- 
gated factors affecting the retention of con- 
nected discourse. Lachman and his associ- 
ates (Lachman & Dooling, 1968; Pompi & 
Lachman, 1967) have hypothesized that the 
theme in connected discourse generates sur- 
Togate processes reflecting the essential idea 
Of a passage and that use of these processes 
aids in regeneration of the passage. Pompi 
and Lachman supported this hypothesis by 
finding more thematically related errors in 
Tecognition and recall of connected discourse 
than of randomly presented material In 
Considering the processes by which S might 
Store the discourse theme, they suggested 
Visual images, Thus, “the probability of a 
surrogate structure being generated” would 
be reduced “if the original theme was 
Sufficiently abstract [p. 144]." The present 
Study was an attempt to investigate this 
Possibility, . 

A series of studies by Paivio and his as- 
Sociates (for a summary, see Paivio, 1969) 
has concentrated on the role of visual 
Imagery in verbal learning and memory. 
The rated capacity of nouns to evoke imagery 

I) has been found to be positively. related 
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to paired-associate learning (e.g., Paivio, 
Yuille, & Smythe, 1966) and to serial and 
free recall (Paivio, Yuille, & Rogers, 1969). 
These results have supported the hypothesis 
that images can function as effective medi- 
ators of response recall. Imagery may serve 
a similar role in the recall of connected dis- 
course, as Pompi and Lachman (1967) sug- 
gest. The reader may store the "basic idea" 
of a paragraph in the form of a visual image. 
When asked to recall the verbal content of 
the paragraph, S generates verbal associa- 
tions to the stored image. In order to de- 
termine the possible role of imagery in the 
recall of connected discourse, the present 
study involved obtaining recall for para- 
graphs of varying degrees of abstract con- 
tent? The words in the paragraph were 
organized for presentation in two ways, 
syntactic and random. 

Two predictions concerning the results 
were made. First, from the earlier work of 
Paivio and his associates (see Paivio, 1969), 
a main effect of abstractness was expected, 
with higher recall for the words of concrete 
than abstract content paragraphs. This main 
effect should be reflected particularly in the 
recall of nouns since nouns tend to reflect 


3 The abstractness of the content was varied in 
the present study, which may be considered the 
same as varying theme abstractness. However, 
combinations of abstract units might suggest a 
concrete theme. Consequently, although Ss rated 
the themes in terms of abstractness, the defining 
variable, operationally, is abstractness of content. 
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abstractness more than other word types. 
Conversely, recall of function words (e.g., 
"of," "from," etc.) should be unrelated to 
abstractness. An Organization X Abstract- 
ness interaction was also predicted. If 
imagery is used as a memory aid for thematic 
material, then higher recall should be ob- 
tained with concrete material in the syntactic 
than in the random condition, while organi- 
zation should have less of an effect with 
abstract content. 


METHOD 


Subjects—Ninety-six male, Grade 10 high school 
students served as Ss. 

Materials.—Six 79-word paragraphs were used, 
two of concrete content, two with moderately ab- 
stract content, and two with abstract content. The 
"concrete" paragraphs (designated Ci and Cz) were 
taken from Pompi and Lachman (1967). Both 
paragraphs are descriptions of concrete scenes; 
C; describes a medical operation, C» a battle Scene. 
The “moderate abstract" paragraphs (M; and Ma) 
and the “abstract” paragraphs (A, and As) were 
constructed to be thematically similar to C, and C. 
but more abstract and general. 


then an eager young assistant 
the opening as another aide 


horror at ugly growth 
now knew it was poin 


Cs: Major Smith watched horrified 


c as withering 
fire crumpled an immediate Superior now he 


after rapidly cranking in one round he estimated 
distance and elevation his finger carefully tight- 
ened and the steel monster was blown apart fast 
thinking saved them although this had been only 
a minor incident among endless desperate en. 
counters. 


Mi: Details concerning a torturous disease are 
seldom discussed by the general public medical 
personnel however cannot shelter themselves from 
such unpleasant malignancies at all times they 
must bear witness to internal growths which 
necessitate immediate attention chief residents 
inspect affected areas carefully using Very sharp 
instruments to reach below body Surface assist- 
ants and aides gathered round with intention of 
expanding scientific knowledge survey what has 
been uncovered often these findings reveal the 
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futility and hopelessness of attempts in reducing 
agony. 


Mz: As a consequence of armed conflict leaders 
with subordinates undergo many serious hard- 
ships often plagued by extreme hunger or fatigue 
men must nonetheless march to face severe strife 
some may íall along the way while others meet 
this fate during actual struggle on the field 
friends are subject to continually watching 
comrades perish and endure much pain still in- 
struments of destruction mutilate their helpless 
bodies and weakened minds all scars mark 
minor incidents among endless desperate but 
heroic encounters, 


Aı: Greatest problem confronting medical re- 
search is incurable growths that cannot be cut 
out because such agony results from these tis- 
sues ethical and moral issues need no consider- 
ation philosophical questions must never act as 
barriers against relieving pain discovering solu- 
tions to remove evils of disease remains para- 
mount for our needs armchair talkers should 
stop heedless interference which only allows 
torture to continue truth lies in action prevent- 
ing destruction in nature rather than debate 
concerning minor ideas of rights and wrongs- 


Az: Despite honest intentions of many RS 
to avoid conflicts disagreements occur W d 
different national interests clash contrary ba inm 
arise — resulting events involve confrontation 
where senseless happenings take place WO 
men sacrifice their lives for certain ideals rd 
must temporarily suspend other basic princip 5 
regarding humanity and justice as a consequen? 
of this intergroup strife normal life aims beeen” 
subordinated to active struggle towards. ie. 
quest for power individuals in serving military 
goals meet painful encounters effecting sma 
gains and successes, 


The four new paragraphs were written to "E 
form as much as possible to the criteria used bY 
Pompi and Lachman 
75 different wor 
curred twice, 


TABLE 1 


s 
D FREQUENCY DISTRIBUTION 
EACH or Six PARAGRAPHS 


MEAN RATINGS AN 
OF WORDS iN 


Frequency 
Para- | Emotion- Concrete-| Speci- = 
graph ality ness ficity 10 or 
A-AA less 
C $33 | 683 | 7.00 56 5 
C, 4.83 6.83 6.50 58 7 
M, 483 | 547 3.50 54 6 
M, 5.33 | 4.83 | 4:50 49 6 
A 5.83 | 2.83 | 4.33 55 0 
As 4.33 | 2.50 | 1.83 49 1 
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of occurrence (Thorndike & Lorge, 1944) of the 
words in the paragraphs was maintained (see 
Table 1) In addition, six judges rated each of 
the six paragraphs on three, seven-point semantic- 
type scales. The end points of the scales were de- 
fined as follows: (a) 7-specific, l-general; (b) 
7-high emotion, 1-low emotion; (c) 7-concrete, 1- 
abstract. The average ratings are presented in 
Table 1.4 à 
Following the procedure of Pompi and Lachman 
(1967), each word of a paragraph was written on 
a blank IBM card. Four copies of each paragraph 
Were made, making 24 separate decks of cards. 
Two of the decks of each paragraph were shuffled 
to be used for the random presentation condition. 
Procedure—The Ss were tested in groups of 24 
during regular classroom periods. Each S re- 
ceived one of the 24 decks of 80 IBM cards; the 
top card contained a label for his experimental 
Condition, The Ss also received a set of mimeo- 
Sraphed instructions and a two-page response sheet. 
Instructions were the same for all Ss, except 
that those receiving the randomly ordered material 
Were instructed that the words were randomly 
drawn from the dictionary. The Ss receiving the 
Material in syntactic order were informed that 
the words they would learn formed a short story. 
Ss were instructed to look at each word and 
try to learn it. They proceeded from one word to 
the next to the pace of an electric metronome at a 
Tate of 2 sec/word. A l-min. rest period was 
Siven after the last word was viewed, and then 
S Were given 4 min. to recall the words in any 
Order, The presentation and recall procedure 
Was then repeated. P 
uring each testing session, four Ss received one 
Of the six paragraphs; two Ss saw the paragraph 
n the syntactic order and two in the random 


* Meaningf m) of the words in each 
Paragraph ee al Sufficient evidence 
Lists to conclude that m does not affect the 
gaining of familiar words. For example, Parid; 
hav the, and Yuille (1968) conclude that moma 
Wie no positive effect whatever on PA sae 

en [imagery] is controlled [p. 438].” Similarly, 


aivi ;eak effects of 
io et al, (1969) found only id recall The 


n ^L relati imagery, in fr 
n ^ ive to imagery, in E Í 
Nclusion that mm is a relatively ineffective variable 


Is Paivio 
also supported by Kanungo (1968), 

(1958), ind Pardo et al. (1966). Dep 

co, ler to check the relative m va M ce rat- 


in ™Ponent words of each paragraph, post Twelve 
Ss Of m’ were obtained for each word. s » an- 
inge fed each word on a seven-point Glow en 
tig, > 7-high meaningful) scale. = pu by 
Nobi Were a modified version of ned ie siis 
m 9. Stockwell, and Pryer (1957). 2 xs e 79 
Worgtings for each paragraph (for K e 
A, 95) are: Cy, 296; Ca 289; Mu 3.08; Ma Sini 
cong 06; As, 3.38. If anything, the rated m of te 
the Crete Paragraph is somewhat lower than tha 
Ore abstract ones. 


ce m 
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order. Thus each group represented two replica- 
tions of the experimental design. 


RESULTS 


The recall differences between the two dif- 
ferent themes (medical vs. battle) were not 
considered in the analysis. The results were 
analyzed in a 3 X 2 X 2 design with three 
levels of abstractness (concrete, medium, and 
abstract), two levels of organization (ran- 
dom vs. syntactic), and two trials. 

The mean total numbers of words recalled 
in each condition are presented in Table 2. 
An analysis of variance revealed significant 
main effects of trials, F (1, 90) = 214.55, $ 
< .01, and abstractness, F (2, 90) = 6.65, p 
« 0l. The latter effect and a two-way Ab- 
stractness X Presentation Method interac- 
tion, F (2, 90) = 3.36, p < .05, were over- 
ridden by the significant three-way inter- 
action, F (2, 90) = 6.00, p < .01. A com- 
parison of the cell means by ¢ tests revealed 
that the recall for Trial 1 did not vary as 
a function of experimental conditions. On 
Trial 2, significant differences were obtained 
only with syntactic presentation. The recall 
of the concrete content reliably exceeded re- 
call of the medium and abstract content 
words, ¢ (30) > 3.05, p < .01. Abstractness 
did not affect recall of the randomly pre- 
sented material. 

In order to determine the basis of the 
recall differences, recall of nouns and of 
function words (ie, “of,” “the,” “at,” 
"from") was examined separately. An anal- 
ysis of variance was performed on the pro- 
portion of the total number of nouns in each 
paragraph recalled by each S. The mean 
values appear in Table 2. Significant main 
effects of abstractness, F (2, 90) — 7.35, p 
< .01, and trials, F (1, 90) = 85.19, p< 
.01, were overridden by an interaction of 
these variables, F (2, 90) = 4.21, p < .05. 
Regardless of the method of presentation, a 
greater proportion of nouns was recalled for 
the concrete and medium lists than for the 
abstract on Trial 1, while recall for the con- 
crete list was superior to the medium and 
abstract groups on Trial 2. An inspection 
of the means reveals that these effects were 
largely due to the disproportionate increase 
in recall of the concrete list nouns on Trial 2. 
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TABLE 2 


UNI v OF CONTENT 
RECALL AND ERRORS AS A FUNCTION 
ORGANIZATION, AND TRIALS 


ABSTRACINESS, 


Abstractness 
Item Concrete Medium Abstract 
Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 
Mean total recall " n 14.38 
i 12.25 22.83 11.38 17.19 9.6 

| ped 11.75 17.38 11.50 19.25 10.06 16.63 
ortion of nouns recalled 48 
c order 19 38 19 24 d 21 

Random order .12 23 13 .22 Á, . 

Eroportionior function words 

recalle 23 
Syntactic order .25 31 22 .30 6 51 

Random order 31 40 E 46 32 . 
Proportion of theme-related errors . 37 
“Syntactic order .33 25 39 i31 «95 y 

Random order .16 .23 14 .20 48 s 


A main effect of order, F (1, 90) = 6.96, 
p < 01, revealed that a greater proportion 
of nouns was recalled in the syntactic order. 

The proportion of total function words re- 
called was also determined (see Table 2). 
An analysis revealed two Significant main 
effects: order, F (1, 90) = 23.01, b «01, 
indicating that a greater proportion of func- 
tion words was recalled in the random order, 
and a trials effect, F (1, 90) = 21.94, p< 
01, with a greater Proportion being recalled 
on Trial 2. 

The final analysis concerned the number 
of intrusions made by S during recall. Anal- 
ysis of variance of the total number of in- 
trusion errors indicated that more 
were made on Trial 2, F (1,90) 297. 
-01, and less errors were made in the r: 
order, F (1, 90) = 697, p < 01. 
fect of theme is revealed in the proportion 
of the errors that are related to the theme. 
Two judges classified each error as theme- 
related or not theme-related. The judges 
agreed on the classifications of 86% of the 
errors. The proportion of the errors related 
to theme are given in Table 2. An analysis 
of these data revealed that Ss given the 
words in thematic order made more theme- 
related errors, F (1, 90) — 11.15, P-« 0L. 
An Order X Trials interaction, F (1, 90) = 
5.69, p « 05, however, indicates that the 
order effect occurred only on the first trial, 


errors 
4,p< 
andom 
The ef- 


r ve 
and the thematic and random groups 2 
the same proportion of errors on Trial 2. 


Discussion 


First-trial recall was not affected by m tie 
perimental conditions. This differs pe or- 
Pompi and Lachman (1967) finding t enta- 
ganization affected recall after a single M a 
tion. In the present study, however, Sighet 
trial recall of the concrete material Was E 
with syntactic than random organizatio an's 
comparable result to Pompi and Techni id 
The difference in results between the two 
ies thus appears to be minimal. ]so 1€ 

The analysis of theme-related errors als d bY 
vealed a pattern similar to that obtain first 
Pompi and Lachman (1967). On e by 
trial, more theme-related errors were ma roup: 
the syntactic than the random order 8 e o 
Pompi and Lachman suggested that this typ ing 
pattern reflects Ss’ guessing strategies tactic 
recall. The Ss presented the list in Y emt 
Order make guesses on the basis of the elated 
and consequently make more theme-t ct OF 
errors. The failure to find a similar pem 
Trial 2 of the present study does not Coen 
with this interpretation. The second go jist 
to the list gives 5 more familiarity with t aking 
words, decreasing the likelihood of ™ 
theme-related errors. c tud- 

Consistent with other verbal learning A in 
ies, the main effect of abstractness, obten ag 
the analyses of total recall and the propo pe 
of nouns recalled, adds further evidence to 


ABSTRACTNESS AND RECALL OF DISCLOSURE 


Dotent effect abstractness exerts on learning. 
Although these results are not unexpected, they 
extend the previous findings to a new type of 
learning situation. In addition, the fact that 
abstractness had such a large effect on the 
recall results in the present study argues for 
Imagery as the mediator of recall. 

The major question of the present investiga- 
tion was the extent to which imagery functions 
as the means of theme storage. Recall on Trial 
2 was highest for the concrete syntactic condi- 
tion and lowest for the abstract syntactic 
Sroup. In fact, the second-trial differences 
due to method of presentation are solely a 
function of the high recall in the concrete syn- 
tactic condition. Thematicity had no effect on 
the recall of abstract material. This effect of 
abstractness on recall was also reflected in the 
Proportion of nouns recalled. Abstractness, ex- 
Sept for trials, accounts for most of the variance 
1n performance, 

It is possible that other word attributes may 

ave influenced the results, although this seems 
Unlikely. Meaningfulness does not appear to 
© systematically related (see Footnote 4). A 
Tecent study by Craik (1968) appears to rule 
out word length as an effective variable for 
either primary memory or secondary memory 
Components of free recall. The findings of the 
Present study, then, suggest that imagery may 
Play an important role in the storage of a 
theme, Perhaps imaginal representation of the 
theme is the basis of the surrogate processes 
Suggested by Pompi and Lachman (1967). Be- 
Cause of the limitations of the present study. 
OWever, a considerable amount of further re- 
Search is required before any clear statement 
an be made about the nature of mediating 
Processes in the learning of connected discourse. 
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DIFFERENTIAL EFFECTS OF INCIDENTAL TASKS ON 
THE ORGANIZATION OF RECALL OF A LIST 
OF HIGHLY ASSOCIATED WORDS? 


THOMAS S. HYDE ax» JAMES J. JENKINS 2 


University of Minnesota 


In three experiments involving 17 groups, the amount and organization of 


recall of word lists varied with the 
during presentation of the list. 

strength primary word associates. 
the word as a semantic unit (ratin 
and organization were equivalent 
incidental task. When the inciden 
(checking for certain letters or e 


unaltered by incidental-plus-recall 
and presenting the list twice. 


The value of the free recall situation for 
studying the organization of verbal materials 
in memory is well known. Substantial dif- 
ferences in amount of recall can be produced 
by varying stimulus materials and, ordinarily, 
these differences can be attributed to differ- 
ences in the organization imposed by Ss on 
the material recalled. Such recall-facilitating 
organization is variously referred to as sec. 
ondary organization, subjective organization, 
clustering, etc. Reviews of this literature 
may be found in Cofer (1965), Mandler 
(1967), and Tulving (1968), 


In general, it appears that meaningful re- 
lations (taxonomic classes, logical classes, 
and prior associative relations) lead readily 
to well-organized recall. Repetition of the 
materials in new random orders and succes- 
sive recall attempts also lead to increasing 
degrees of organization even in seemingly 
unrelated materials, 


A problem of particular interest now is 
the elucidation of the mechanisms which 


1This research was supported 
Center for Research in Human Learning, The 
Center is supported by the National Science 
Foundation (GS 1761), the National Institute of 
Child Health and Human Development (HD- 
01136), and the Graduate School of the University 
of Minnesota. 

? Requests for reprints should be sent to James 
J. Jenkins, Center for Research in Human Learn- 
ing, 400 Ford Hall, University of Minnesota, 
Minneapolis, Minnesota 55455, 


l in part by the 


type of incidental task performed by Ss 
All Ss heard a randomized list of high- 
When the incidental task required using 
g the word as to its pleasantness), recall 
to those of a control group with no 
tal task involved the word as an object 


stimating the number of letters in the 
word), recall and organization were greatly reduced. 


The effects were 


instructions, doubling presentation time, 


bring this organization about. If, along with 
Melton (1963), we conceptualize the mem- 
ory sequence as trace formation, trace stor- 
age, and trace retrieval, a first step in choos- 
ing among mechanisms might be: Where il 
this input, storage, and output model sha 
we suppose the organization occurs? 

Some studies have assumed that the or- 
ganization takes place via mediation during 
the activity of recall itself. This view, ahis 
was explicitly advanced by Jenkins and Bor 
sell (1952), is compatible with De 
(1959) work and is echoed in Cofer's (1965) 
review. It holds that once a word is Te 
called, it acts as an auxiliary stimulus t? 
help elicit another word that was on the he 

Tulving (1962, 1964, 1966), on the an 
hand, views such organization as a storag 
phenomenon, with the list of items being 
Stored under higher order units correspo” 4 
ing to the relations existing in the stimu - 
lists. Organization in free recall reflects " 
e puisnan within the memory storage ! 
self. 

Cohen (1966) and Slamecka (1968) sus” 
gested mechanisms of still a different sort. 
Slamecka, e.g., postulated that traces of wi 
dividual items are stored independently, bu 
that S also encodes some general representa- 
tion of the list Structure as a retrieval pla? 
Or strategy which guides the recall of the 
items. Highly organized stimulus lists pro 

uce greater recall and more organizatioP 
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because they are more amenable to some 
highly organized and efficient retrieval plan 
Or strategy. 

Both Cofer (1965) and Tulving (1968) 
Suggested that it might be profitable to vary 
the intraexperimental situation and look for 
differences in organization of recall while 
holding the stimulus materials constant. If 
large and consistent differences in organiza- 
tion can be produced with intraexperimental 
manipulations, it may be possible to separate 
the roles played by encoding, storage, and 
retrieval in the production of organization. 
l'he present study is an effort in that direc- 
tion. 

The experiments reported here were 
modeled on a study by Postman, Adams, 
and Bohm (1956) which compared the recall 
of high-strength primary associates in groups 
that performed incidental tasks during pre- 
Sentation of the words. The Ss whose task 
Was to rate the words as to frequency of 
Usage in English showed lower recall than 

S given standard recall instructions. Re- 
duced recall was not, however, accompanied 

Y any reduction in the relative amount of 
Secondary organization (clustering of pairs). 

Pilot work for the present study was simi- 
lar in design to the Postman et al. (1956) 
€xperiment, but the results were quite dif- 
€rent. Several types of incidental _tasks 
Were found to effect a marked reduction in 
both the organization and amount of recall. 

ther tasks had little or no effect on either 

ependent variable as compared to a control 
Sroup which performed no incidental task. 
, The guiding hypothesis, arising from these 
Pilot studies, was that clustering 1n recall 
depends on the use to which Ss put the 
Words during the incidental tasks. be 
Jat involved meaningful interpretation © 
lé stimulus materials (words as semantic 
Units) were expected to have little or no 
effect on clustering, while tasks which re- 
Wired nonmeaningful treatment of the stim- 
uli (words as objects) were expected to 
sect a reduction in organization (cluster- 
HE) anda corresponding decrement in recall. 


METHOD 


in all experiments there were three basic E 
e recall only group simply heard the words, 


groups: 
with 
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the instructions that they were to recall the words 
later. The incidental group was given some task 
to perform on the stimulus materials during their 
presentation. The incidental + recall group per- 
formed the same task as that performed by the 
appropriate incidental group, but Ss were also told 
that they would have to recall the words later. 
The major variable of interest within each experi- 
ment was a comparison of the amount and organi- 
zation of the recall of the word list by the groups 
of Ss who performed different types of incidental 
tasks during presentation of the words. 

All Ss were students in sections of a course in 
introductory laboratory psychology at the Univer- 
sity of Minnesota. All experiments were con- 
ducted in the classroom. ^ Each separate section 
made up one group. Assignment of students to sec- 
tions was not systematic with respect to academic 
ability, college, major department, interest, aptitude, 
sex, or any other variable known to be relevant 
to the learning of verbal material. Experimental 
conditions were randomly assigned to the sections, 
with the restriction that all seven incidental groups 
were run first, in order to keep the true nature 
of the experiment from becoming known to these 
Ss. 
Stimulus materials consisted of the 12 pairs of 
primary associates used by Jenkins, Mink, and 
Russell (1958) in their high-strength recall list. 
These were the Kent-Rosanoff pairs with the 
highest associative strength in the early Minnesota 
norms (Russell & Jenkins, 1954). The mean fre- 
quency of response for these pairs was 70.9%, with 
a range from 60.5% to 83.3%. The words were 
presented to Ss in a random order, with the re- 
striction that primary associates could not occur 
together in the list. All groups in the first two 
experiments were presented with a list of the same 
word order. In the third experiment, where the 
words were presented twice, the second reading 
of the list was a different randomization. All word 
lists contained four “filler” words, two at the be- 
ginning and two at the end. Fillers were selected 
from the Minnesota norms so that they showed 
no appreciable associative strength with any of the 
24 stimulus words. Filler words were not counted 
in any data analyses. 

All stimulus materials were recorded and pre- 
sented to Ss via tape recorder during the experi- 
ment. Within each experiment the same tape was 
used for all groups. 

Although all experiments were conducted simul- 
taneously and any condition may be compared to 
any other, for the sake of the reader, the findings 
are presented as three experiments, grouped on 


presentation conditions. 


3 Group assignment does not appear to have re- 
sulted in distorted findings. Pilot data on 350 Ss 
who were randomly assigned to groups from the 
general S pool of introductory psychology students 
is in complete accord with the data presented here, 
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EXPERIMENT I 


roups of Ss in the first experiment 
Mima with one reading of the = 
ulus words at a rate of one word every 
sec. The Ss in the recall-only group were 
read the list of words with the instruction 
that they would have to recall them as soon 
as E finished his presentation. The remain- 
ing six groups differed from each other in 
two respects. Three of them were incidental 
groups and three were incidental + recall 
groups. The former groups were not pre- 
warned about the recall task, while the latter 
groups were. Within each of these condi- 
tions there were three different incidental 
tasks. It was hypothesized that one task 
(pleasant-unpleasant) would facilitate recall 
and clustering, while the other two tasks 
would adversely affect recall and clustering. 


The three tasks performed by Ss were as 
follows: 


1. The pleasant-unpleasant task. 
groups of Ss rated the words as to 
pleasantness or unpleasantness on a si 
check list with one lin 
word. 


Two 
their 
mple 
e for each stimulus 


“p” 
were given the task of 


words that were read to them. The Ss had 
a check list with Spaces for each stimulus 
word. They were directed to check if the 


Two more groups 
detecting Es in the 


of-letters task. Two other 
groups of Ss estimated the number of 
letters in each word. They were told not 
to count letters, but to estimate the number 
and write it in the Space provided for each 
word. The instructions for these same tasks 
to the subgroups in the incidental + recall 
condition were modified to indicate that S 
would have to recall the words when the 
task was finished. He was encouraged to do 
his best on both of the tasks and told that if 
he did not do his best on the first task, his 
results on the second (recall of the words) 
would be of little value. When the presenta- 
tion of the list was finished, a set of standard 
recall instructions was read to all groups. 
The Ss were then allowed 5 min. to Tecall 
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as many words as they could. Very few Ss 
recalled any words during the fourth and 
fifth minutes of the recall period. 


Results and Discussion 


Four different variables were analyzed: 

1. Mean recall. This was the mean for 
each group of the total number of words re- 
called by each S, excluding the four filler 
words. 

2. Percentage of clustering per oppor- 
tunity. A cluster consisted of the recall o 
an associated pair together in either a for- 
ward or a backward order. Recall of one 
member of the pair constituted an “oppor- 
tunity” for clustering to occur. If the other 
member of the pair immediately fgllowed, 
the pair was scored as a cluster for tha! 
opportunity. If one member of the pair 
occurred alone, it was scored as an “opp E. 
tunity,” but not as a cluster. If the | 
member of the pair occurred later in aes 
it was not scored as an opportunity for c ge 4 
tering. The score reported for each vins 
was then the mean percentage of cluster 
per opportunity, G 

3. Mean c M" This and the o 
lowing measure are the same as those, BT 
by Cohen (1966). A category was enr 
an opportunity for clustering. When a Sani 
ber of a pair occurred in recall, it was up 
as one category, whether or not it was ó 
lowed by its associate. If one member ae 
a pair occurred alone in recall and pi 
Scored as a category, the later recall LA 3 
other member of the pair was not score zh 
a category. The value reported for “i 
group was the mean of the number of st! ) 
categories recalled by each S in the e 

^. Mean items per category (IPC). ry 
was simply the mean items per pei 
for Ss in each group. This measure ke 
the total recall for each S divided by his 
number of categories that he recalled. T i 
measure differed from the clustering n 
sure in that words did not have to re 
together, i.e., clustered, to be counted 
members of the same category. re 

Results for the first experiment are = 
ported in Table 1. The means and standare 
deviations for each of the four variables eun 
given for each group, as well as the num 
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TABLE 1 
MEANS AND STANDARD DEVIATIONS FOR ALL VARIABLES FOR Exp. I 
Group 
nacre Incidental Incidental + Recall Recall 
Pleasant- > Numb f S 
Unpleasant | E | "jenes | Uaptessant | E | "amiet | Contrat 
(1) (2) (5) (4) (5) (6) (7) 
Mean recall 16.3 9.4 9.9 16.6 10.4 12.4 16.1 
B SD 3.1 3.5 3.5 3.1 4.0 3.9 3.9 
ercentage of clustering 67.5 26.3 30.9 71.5 41.7 40.3 63.7 
Nd 237 23.8 22.8 21.8 27.1 27.8 28.4 
€an categories 8.9 6.3 6.5 9.0 6.2 7.6 9.1 
Nee 1.5 1.6 1.6 1.5 1.9 1.9 1.9 
ean IPC 1.8 15 1.5 1.9 1.6 1.6 1.8 
SD 2 3 3 aA 4 E 2 
N 43 32 39 29 38 39 37 


of Ss. In the table the groups are numbered 
from one to seven to facilitate the statistical 
analysis, 

One-way analysis of variance indicated 
Statistical significance for each of the four 
Variables across the seven groups. All F 
Values far exceed the .001 level of signifi- 
cance, 

Mean recall.—Contrasts on individual cell 
means yielded consistent results across the 
our variables, Consider first the mean re- 
Call variable within the incidental mu 

Toup 1 (pleasant-unpleasant task) was sig- 
Shan de Eram Groups 2 (Es) and 

(number of letters), F (1, 250) = 67.778, 
# <01; F (1, 250) = 65.069, p< 01. 
Groups 2 and 3 did not differ significantly 
Tom each other. Group 1 did not differ 
“8nificantly from the recall-only group 

Stoup 7); Both Groups 2 and 3 were sig- 
ficantly different from Group 7, F a, 
55,7 59718, p< 01; F (1, 250)= 
9151, $ < o]. 
re sults were almost identical 
Gl within the incidental + 
fe n. Group 4 (pleasant-unp 
6 "ed Significantly from Groups 


n F (1, 250) = 50.241, 
‘umber of letters), ir ero 


501; F (1, 250) 
ithin thi ‘dition, Group 5 recalled 
fey, U0 this condition p oF Os 250) 


1 for the mean 
recall condi- 
leasant) dif- 
5 (Es) and 


ITR an did G 2 
f. ii pte Group 4 did not differ 
som the recall-only group (Group 7). 


Toups 5 and 6 were both significantly dif- 


ferent from Group 7, F (1, 250) = 44.253, 
p<.01; F (1, 250) = 20.196, p < .01. 
Analyzing differences within tasks across 
the intentionality conditions, only the num- 
ber-of-letters task showed a significant dif- 
ference, F (1, 250) = 9.176, p < .05, indi- 
cating that recall prewarning had a positive 
effect. Differences between Groups 1 and 4 
and between 2 and 5 were not significant. 
Clustering.—Results for the second vari- 
able, percentage of clustering, were almost 
identical to those reported for the first vari- 
able, mean recall. Within the incidental sub- 
division the results were exactly the same as 
for the first variable. All significant F 
values far exceeded the .01 level of sig- 
nificance. Within the incidental + recall 
subdivision there was a return to the general 
regularity; Groups 5 and 6 were not sig- 
nificantly different as they had been with 
mean recall. In analyzing differences within 
tasks across the intentionality condition, re- 
sults were also slightly different from the 
first variable. Groups 3 and 6 (number of 
letters) were not significantly different as 
they had been with mean recall. Instead, 
Groups 2 and 5 (Es) were significantly dif- 
ferent, F (1, 250) = 6.472, p < .05. In all 
other respects the results were the same as 
for mean recall. All significant F values 
far exceeded the .01 level of significance. 
Categories.—The results for the third 
variable, mean categories, followed the same 
pattern as the results from the first two 
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variables. Within the incidental pec 
the results were identical to those foun 

with the first two variables. The pleasant- 
unpleasant task yielded as many — umm 
as the recall-only group, while the ot hers 
tasks resulted in fewer categories recalled. 
Within the incidental + recall condition 
Groups 5 and 6 were significantly a 
(as they had been on mean recall), F (1, 
250) = 14.006, p < .01. No differences were 
found within tasks across the intentionality 
condition, i.e., Group 1 vs. 4 (pleasantness), 
2 vs. 5 (Es), and 3 vs. 6 (number of letters) 
were not significantly different. In all other 
respects the results were the same as with 
the first two variables. All F values far 
exceeded the .01 level of significance. 

Items per category.—The results for mean 

IPC followed the general pattern, Within 
the incidental condition, results were identi- 
cal with those for the other three variables, 
The Ss in the pleasant-unpleasant group re- 
called more items per category than did Ss 
performing the other two tasks. Within the 
incidental + recall condition, results mir- 
rored those found for the Second variable 
(clustering), ie., Groups 5 and 6 were not 
significantly different. As with the third 
variable, there Were no differences within 
tasks across the intentionality conditions. In 
all other respects the results were exactly the 
same as for the other three variables. 
F values far exceeded the .01 level of 
significance, except a comparison between 
Groups 4 and 5 which yielded an F a, 250) 
= 6.750, p < .05. 

Tnterpretation.—The results for the four 
variables showed a consistent pattern for the 
experiment. For all of the variables con. 
sidered, the pleasant-unpleasant task was 
not appreciably different from the recall-only 
group, within either the incidental or the 
incidental + recall condition. The E task 
and the number-of-letters task were never 
different from each other in the incidental 
condition, but were different from each other 
within the incidental + recall condition for 
mean recall and mean Categories. In all 
cases the E task and the number-of-letters 
task differed from both the recall-only group 
and the pleasant-unpleasant group. In most 
comparisons the tasks themselves did not 
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have different effects on the groups in the 
incidental and the incidental + recall condi- 
tions. For mean recall, the number-of-letters 
task showed a small but significant differ- 
ence, and for the percentage-of-clustering 
variable the E task showed a small but sig- 
nificant difference. For the last two vari- 
ables, mean categories and mean IPC, none 
of the tasks showed a difference across these 
conditions. " 
Alternative analysis. —One possible ex- 
planation for the differences in organizator 
and recall produced by the different tas : 
that immediately presented itself was iha; 
the two tasks, E and number of letters, tha 
lowered organization were leading Ss into 
some type of counterorganization during d 
call. To evaluate this hypothesis, the E ned 
dition was taken as a test. The recall Hus 
acteristics of words containing the letter im 
were analyzed for the first experiment (e 
Table 2). Three measures were empere 
for this analysis: (a) recall of words ud 
taining an E; (b) mean recall of words wii: 
taining an E as a percentage of total e ras 
and (c) percentage of clustering of V 
containing an E, A 
erie of these three variables are pr 
sented in Table 2. One-way pic eg 
variance on the first variable, recall o 01. 
yielded an F (6, 250) — 13.148, p < ie 
Results indicated that the recall of Es al 
TOred exactly the mean total recall for ai 
group. In all cases where the mean tt 
was significantly different between gro P 
So was the mean recall of words with A ag 
All differences exceeded the .01 leve 
significance, . É 
When the recall of words containing aif- 
was corrected for total recall, a much b 
ferent pattern emerged. Groups 2 and 5 n 
performed the task of looking for Es si 
showed much higher recall of the words Vt 
E, ne-way analysis of variance on ith 
second variable, mean recall of words a 
expressed as a percentage of total r "Y : 
yielded an F (6, 250) = 3.596, p<‘ 2 
Within the incidental condition, Group 1, 
(Es) was significantly greater than Groups F 
3, and 7, F (1, 250) = 11231, p < ol; © 
(1, 250) = 10.138, p < 01; F (1, 250) ^ 
12.454, < 01. Within the incidenta 
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TABLE 2 
MEANS AND STANDARD DEVIATIONS OF THE ANALYSIS OF THE Worps 
CoNTAINING THE LETTER E For Exp. I 
Group 
Visits Incidental Incidental 4- Recall Recall 
Pleasant- s Numberof | Pleasant- d 
Unpleasant | © letters | Unpleasant | E Numberol | Contrat 
(1) (2) (3) (4) (5) (7) 
Mean recall 5.4 3.8 3.4 6.1 3.8 4.2 5.4 
SD 14 1.4 1.8 1.4 1.7 1.8 1.9 
Percentage of mean 
recall/total recall 32.7 42.2 33.5 36.1 39.1 33.5 32.9 
D 7.9 18.0 11.0 7.3 15.3 8.0 9.7 
Percentage of clustering 50.9 40.4 41.3 53.6 45.5 42.8 44.8 
SD 28.9 34.0 38.6 18.8 31.4 32.2 23.2 
N 43 32 39 29 38 38 37 


recall condition, Group 5 (Es) was sig- 
nificantly greater than Groups 6 and 7, F 
(1, 250) = 4.623, p <.05; F (1, 250) = 
5.025, p < .05. Group 5 did not, however, 
differ significantly from Group 4. 

Analysis of the third variable, percentage 
of clustering of words containing an E, 
yielded statistically unreliable results. The 
Tather high percentage of clustering found in 
all groups (see Table 2) can be explained 
as being due to the fact that half of the 
Words containing an E occurred in words 
that were primary associates. . 

Groups that looked for Es showed higher 
Proportional recall of words with an E. In 
the organizational measure, however, there 
Were no differences. The Ss who performed 
the task of looking for Es did not show a 
Significantly greater tendency to organize 
léir recall around this dimension. 


EXPERIMENT II 


In the second experiment, Ss were given 
* much longer time interval per word dur- 
Ng stimulus input. The words were read 
at a rate of one word per 4 sec. rather than 
At One per 2 sec. as in the first experiment. 
This was the rate of presentation used by 
Postman et al. (1956) and was the cd 
"erence, other than the type of task, c- 

€en our pilot work and Postman s a pe 
Ment, This condition was Tun as both a 
Systematic replication of the first experi- 
Ment, and, also, as an attempt to clear up 


differences in results found between the 
pilot work and Postman's experiment. 

The number-of-letters task was dropped 
from the study at this point. This made 
a total of five groups in all. The control 
group was similar in all respects to the 
control group in the first experiment, except 
that the words were read at a slower rate. 
The four remaining groups were made up 
of the two remaining incidental tasks, the 
pleasant-unpleasant task, and the task in 
which Ss looked for letters. These were 
again subdivided into two subgroups across 
the intentionality condition. The task in 
which Ss looked for letters was changed 
slightly to fill up the longer time interval; 
instead of checking the response sheet for 
the presence of the letter E, Ss now looked 
for either Es or Gs and made a check if either 
or both of these letters were present in the 
word. 

Instructions for all groups were changed 
slightly to accommodate the new conditions, 
and Ss were told that they would have 
plenty of time for the task. 


Results and Discussion 

Results for the second experiment are re- 
ported in Table 3. The results are almost 
identical to those in the first experiment. 
One-way analysis of variance showed highly 
significant results with all four of the vari- 
ables. All F values far exceeded the .001 


level of significance. 
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TABLE 3 
MEANS AND SrANDARD DEVIATIONS FOT ALL VARIABLES FOR Ex». II 
Group 
Incidental Incidental + Recall Recall 
Variable 
Pl t- E- Pleasant- E-G Control 
Unpleasant [^ Unpleazant "t (13) 
8.9 18.2 11.5 16.6 
uw " 2.8 24 kn 33 
i 7.3 68.7 z s 
Fergie of clustering 1538 j^. 208 Bs 280 
i 9. 1 B 
Men categories 31 M 2.1 6.9 5 
14 1.4 1.9 1.6 È 
u eS a 3 1 $ : 
N 34 33 29 32 33 


Comparisons of individual means yielded 
results that were consistent across the four 
variables and also consistent with the results 
for Exp. I. 

Mean recall.—NWithin the incidental con- 
dition, Group 9 (E-G) was significantly 
different from both Groups 8 (pleasant-un- 
pleasant) and 12 (recall only). Group 8 
did not differ significantly from Group 12, 
Within the incidental + recall condition, the 
same pattern of differences emerged: Group 
11 (E-G) was significantly different from 
Groups 10 (pleasant-unpleasant) and 12 
(recall only), while Group 10 did not differ 
from Group 12. Within tasks across the 
intentionality conditions, the E-G task 
showed a significant difference, but Groups 
8 and 10 (pleasant-unpleasant) were not 
significantly different. All significant F 
values were beyond the .01 level of signifi- 
cance. 

Percentage of clustering —Exactly the 
same pattern of results obtained for the sec- 
ond variable, percentage of clustering. All 
significant F values far exceeded the .01 level 
of significance. 

Mean categories.—Results for the third 
variable, mean categories, were identical with 
the earlier findings except that the E-G task 
showed no difference across the intenti 
conditions; i.e., the Group 9 vs, 11 compari- 
son was not statistically significant. Al] sig- 
nificant F values far exceeded the .01 level 
of significance. 


Onality 


Mean IPC.—Results for the last variable, 
mean IPC, were the same in all respects as 
those for the first two variables. All m 
nificant F values far exceeded the .01 do 
of significance. It is again clear that the 
pattern is consistent for all four yate 
and the overall pattern is the same as fo 
the first experiment. 


Experiment III 


In the third experiment, the conditions 
were the same as in the first experiment e s 
cept that the word list was read twice s s 
at a rate of one word per 2 sec. The a 
randomization of the list was the same as ! " 
the first two experiments; the second p 
through the list a second randomization pn 
used. "Treatments were arranged as in n é 
second experiment. Instructions were T 
Same as those in the first experiment an 
that Ss were told that many of the wor 5 
would be read more than once. Respons 
sheets included Spaces to respond to A 
words, rather than 28 as in the first tW 
experiments. F 

The third experiment was primarily a S ‘a 
tematic replication of the first two exper 
ments, across a different intraexperimenta 


H tnl ct 
variable (repetition) known to have an effe 
on clustering in recall. 


Results and Discussion 


- d 
. Results for the third experiment, sapore 
in Table 4 mirror those of the first tW' 
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TABLE 4 
MEANS AND SrANDARD DEVIATIONS FOR ALL VARIABLES FOR Exr. III 


Group 
Variable Incidental Incidental 4- Recall Recall 
Ple t- Pl - 
Un Psa t E LUE nda t E Control 
(13) (14) (15) ao) | (17) 
Mean recall 18.7 13.1 18.5 
j " , 13.3 
7 SD 2.2 2.7 3.0 4.8 E 
ercentage of clustering 744 35.3 74.1 39.4 72.9 
SD 17.9 23.1 19.0 25.3 24.9 
Mean categories 10.0 7.9 10.0 8.0 9.6 
SD 1.0 12 1.3 2.2 1.3 
Mean IPC 1.9 L7 1.9 1.6 19 
SD i E: 2 2 2 
N 30 33 34 27 40 


€xperiments. All consistent findings of the 
earlier experiments were significant far be- 
yond the .001 level. 

Mean recall.—Results for the mean recall 
variable confirmed the earlier major findings. 
Group 14 (E) was significantly different 
from Groups 13 (pleasant-unpleasant) and 
17 (recall only), Groups 13 and 17 did not 
differ significantly, Within the incidental + 
recall condition, the same pattern of results 
Occurred; Group 16 (E) was significantly 
different from Groups 15 (pleasant-unpleas- 
ant) and 17 (recall only), while Group 15 
did not differ significantly from Group 17. 

ifferences within the tasks across the in- 
tentionality variable were not statistically 
Significant, 

Other variables.—The results for the other 
three variables were identical in all respects 
9 those for mean recall. All significant F 
Values far exceeded the .01 level of signifi- 
Cance, 


GENERAL DISCUSSION 


The maj ing fi these three experi- 
ajor finding from r 
rents is iet the tasks performed by Ss while 
: €Y listen to verbal stimuli greatly effect both 


Ount of free recall and the apparent organi 
tation of the material recalled. Two of the 
mks studied here, having Ss look for the letter 
" in the words and having Ss estimate "us 
Umber of letters in the words, greatly reduce 
ĉan recall and the organization in recall = 
og sured by percentage of clustering. The 
her task, rating words as pleasant or un- 


pleasant, reduced neither recall nor organiza- 
tion in recall as compared to the recall-only 
group. Rather surprisingly, this result was 
obtained for both the incidental and the inci- 
dental + recall conditions. Furthermore, the 
effects attributable to the nature of the task 
were very large and reliable. For example, 
the differences in percentage of clustering be- 
tween the pleasant-unpleasant and the E group 
within the incidental condition were 40% or 
greater. 

The E and the number-of-letters task some- 
times showed higher recall and higher percent- 
age of clustering in the incidental + recall con- 
dition than they did in the incidental condition. 
These differences were small, however, and 
often failed to reach statistical significance. 

One possible explanation for the differences 
in organization and recall produced by the 
different tasks is that the two tasks, E and 
number of letters, somehow led to some type of 
“counterorganization,” which was inefficient. 
To check this hypothesis, the occurrences in 
recall of words containing the letter E were 
analyzed. It was found that Ss showed no 
tendency to organize their recall around those 
words containing an E, so it appears that we 
must look elsewhere for an explanation of these 
differences. 

What can be said about the differences in 
the tasks which produced such widely different 
results in organization in recall? Before a 
definitive division can be made between tasks 
that produce decrements in recall organization 
and tasks that do not, more research on many 
different types of tasks is needed. Current find- 
ings suggest to us that when S is performing 
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some task where he is using the word as a 
semantic unit, organization in recall — 
quently, recall itself are not adversely affected. 
In the present experiments the jou a 
pleasant task is of this type. The task pee 2 
the Postman et al. (1956) experiment where Ss 
rated the words as to their frequency of pay 
in the English language appears also to be o 
pee the other “type” of task? In the 
other two tasks, the present Ss appear to use 
words as objects or collections of letters rather 
than as units of meaning. This type of task 
seemed to lower the organization in recall con- 
sistently to a very great degree. . 

What do these results have to say with re- 
gard to the several mechanisms suggested to 
account for organization in recall? Tt seems 
that no matter how we characterize the differ- 
ences between the tasks (the way S uses the 
word, amount of attention required of S, etc.) 
that produce differences in organization in re- 
call, we are led to the same locus of the effect. — 
the nature of the stored trace. 

The first mechanism discussed was the notion 
that the organization in free recall is a primar- 
ily mediational phenomenon taking place during 
recall itself. The results of the present experi- 
ments do not lend Support to such a postula- 
tion. During recall all the groups in the study 
were under essentially the same conditions. It 
is hard to explain, therefore, why all the groups 
did not show the same degree of organization 
in recall. This Suggests, rather, that the groups 
were somehow unequal with respect to organi- 
zation before the recall process began. 

Cohen (1966) and Slamecka (1968) empha- 
size the input stage, suggesting that S' is ac- 
quiring both the individual words and also some 
representation of the general structure of the 
list (Slamecka) or codes corresponding to the 
Categories (Cohen). This seems more plausi- 
ble since it deals with the locus of the present 
experimental manipulations, but still fails to be 
Very persuasive as an explanatory device. The 
most damaging part of the present results to 
Such an interpretation is the lack of any con- 
sistent difference in organization within the 
same tasks across the intentionality variable. 

hin the tasks across the in- 


ntal + recall conditions were 
small and more often than not failed to show 


statistical significance. The incidental + recall 
condition produced decrements in organization 
nearly equal to the incidental condition for the 
two tasks that interfered with Organization. If 
the organization in recall is due to some encod- 
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ing of a general representation of the list struc- 
ture, the group that knew they were going to 
have to recall the words ought to have superior 
organization in recall. Even if such a process 
is covert and more or less automatic, any in- 
structions that the words are to be recalled 
should produce a set in Ss conducive to the 
operation of such a mechanism. (Incidentally, 
questioning of the 244 Ss in the seven mer 
dental groups after the experiment showed only 
10 Ss suspected that they might be required to 
recall the words.) The failure to find a differ- 
ence associated with intention does not en- 
courage us to believe we have a simple input 
variable. A . 

The final suggestion as to a mech nism E 
that of Tulving (1962, 1966), who suggeste 
that it is the traces of the words themselves that 
are stored together in some fashion that pane 
to facilitate organization in recall. The presen 
work, like Tulving’s, seems to fit with US 
type of storage suggestion more easily tnan 
with any other type of suggestion., The large 
differences between tasks, as well as the lack A 
differences along the intentionality cet 
Seems to suggest that differences in hs prec 
tion found in recall reflect differences in the eed 
traces of individual items are arranged In = en 
age. It is tentatively suggested that ae 
words are used as units of meaning (the P al 
Sant-unpleasant task, and the Postmen et ae 
1956, frequency estimation task), the r^ 
components of the words are activated. I tly 
associates are strongly related semantics" 
(and we know they are), this assures that mins 
mon structures are activated in the task. ited 
on the search for recall, the items to be eh 
are found together. On the other hand, em s 
words are used by Ss as a collection of sym is 
devoid of meaning (at least as far as the task ui 
concerned), the common structures are c^ 
tivated and the recall is unorganized. an: 
effect may be further augmented by some apod 
eral superiority of semantic activity in proces 
ing materials for later recall. 
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EFFECTS OF STIMULUS INFORMATION REDUCTION ON 
SEARCH TIME OF RETARDED ADOLESCENTS 
AND NORMAL CHILDREN 


HERMAN H. SPITZ: 


E. R. Johnstone Training and Research 


It has been suggested that mental re- 
tardates have a reduced capacity to process 
incoming stimuli. In particular, it has been 
pointed out that adolescent retardates do not 
organize incoming information or develop 
strategies as effectively as do normals of 
equal chronological age (CA).  Conse- 
quently, retardates are handicapped in their 
capacity to handle information (Spitz, 1966). 
Recent findings indicate that young children 
are similarly handicapped (Siegel, 1968) and 
that this problem is at least partially related 


to mental age (MA) (Spitz, 1967 ; Spitz, 
Hoats, & Holden, 1968). 


Targets may 
y to find as, e.g., when 
a target containing a large amount of in. 
formation is embedded in a field of stimuli 
containing substantially less information. 
However, as the information level of the 
target is reduced, depriving S of distinctive 
properties in the stimulus, search time in- 
creases. Conditions of reduced distinctive- 
ness make increased demands on S’s capacity 
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H. Spitz, Edward R. Johnstone Training and Re- 
search Center, Bordentown, New Jersey 08505. 
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to seek out and use the remaining gue 
guishing features. Under these es 
Stances, retardates and young normal p 
dren, with fewer Strategic resources at 
coping with reduced information iig T 
should be more adversely affected by a 
formation deprivation than older norm 
children. jo fie 
The present experiment tested pue 
ference with a method suggested by 2 i 
and Spence (1968). Their ee aie 
turn, was stimulated by the work of th 
Worth and his associates (cf, Mackwor' itive 
Morandi, 1967), who had found a rp 
relationship between the concentration © ma- 
fixations and the rated amount of moy 
tion in certain sections of a picture. Po of 
and Spence reported that judged ratings of 
parts of a picture give a reliable measure iy 
information value and can be used to pre 
performance on a visual search task. 


METHOD 
Material 


The natural 
Puzzles, Platt 
in. chromatic s 
lack and Spen 
to obtain a 


3 ale 
Puzzle —The puzzle (F airy, TA 
& Munk) was a 28-piece, Pol- 
cene from Rumpelstiltskin. used 
ce’s (1968) instructions were ation 
measure of the judged inform and 
value of each puzzle piece. Five colleagues out 
two college students were requested to pon ifor- 
the piece contributing the most pictorial Meon- 
mation to the entire picture and the piece They 
tributing the least pictorial information. oint 
then rated the remaining 26 pieces on a dd 
scale ranging Írom least to most into 
The average of the seven judgments provi 


‘ jece 
measure of the information value of each P 
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The judgments were highly consistent, as evi- 
denced by a Kendall coefücient of concordance 
(W) of 2.58 (p<.001) for rankings of the 8 
Pieces subsequently chosen as target pieces. 

The blank puzzle.—To eliminate content in- 
formation available in the pieces, a duplicate 
Puzzle was painted flat gray, so that only shape 
was available to guide S in finding a target piece. 

Since complexity has been described as a mea- 
Sure of information (Garner, 1962) and since 
number of turns is highly related to the judged 
Complexity of meaningless shapes (Attneave, 
1957), the number of turns of the contour of each 
Puzzle Piece was tabulated. A simplified adapta- 
tion of a method suggested by Attneave and 
Arnoult (1956) was used, in which a subjectively 
determined polygon was drawn around each piece. 

Y counting every angle of 150° or less, a rough 
but serviceable measure of the complexity and, 
consequently, of the information value of the blank 
Pieces was obtained. 

The target pieces.—Four high-information na- 
tural puzzle pieces were selected, two of which 
had high-information contours and two of which 
had low-information contours. Four low-in- 
formation natural pieces were also chosen, ES 
that two had high- and two had low-information 
Contours (see Table 2). These 16 pieces, 8 
natural pieces and duplicates of these same 8 
pieces painted flat gray, became the target pieces 
that Ss were required to match to corresponding 


Pieces in the complete puzzle. 


Abparatus and Procedure 

The stimuli were presented in a modified Wis- 
Consin General Test Apparatus. Two fluorescent 
desk lamps, one on each side of S's section s the 
apparatus, provided light and prevented S from 
Seeing E through the one-way mirror. The cai- 
Plete puzzle, with a target piece centered directly 


above j id in front of S for each trial. 
it, was slid in bee AS 


reliminary to the experiment, a sample 

inderella) with an easy target piece in Me 
Was slid in front of S, and E pointed out P 
"plicate piece in the puzzle. As a second "E 5 
J€ experimental blank puzzle was eg" a 
Side down for the example only), and the co 
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rect match for a target piece (not used in the ex- 
periment proper) was pointed out by E. The S 
was told that these were samples of the types of 
puzzle to be used and was assured that the target 
piece would always be facing the correct way. He 
was instructed to find the target piece as quickly as 
he could and touch it lightly with the pointer, as E 
had done in the examples. 

Timing by E on a .1-sec. stopwatch started when 
the sliding panel on which the puzzle rested reached 
the end of its excursion and terminated when S 
touched the correct piece. If S touched an incor- 
rect piece, he was informed of his error, but timing 
was not stopped. As soon as the correct piece 
was touched, the puzzle was retracted and prepared 
for the next trial. If after 150 sec. of search, S 
had not touched the correct piece, E pointed it 
out and terminated the trial. 

Half of the Ss of each group were given the 
natural puzzle first. Starting points were dis- 
tributed throughout each group, and for each S 
the same order of presentation was followed for 
the blank as for the natural puzzle. 

In sum, each S had 16 trials, 8 in which he 
searched for natural target pieces in the natural 
puzzle and 8 in which he searched íor blank 
target pieces in the blank puzzle. It is unlikely 
that any Ss noticed that the eight blank pieces 
were identical to the eight natural pieces but with 
content obscured. 


Subjects 

Three groups of Ss were used: fourth- and 
seventh-grade students from a local grade school 
and adolescent institutionalized retardates in resi- 
dence at the Johnstone Center. Characteristics 
of the groups are given in Table 1. No retardate 
was included who did not have a visual acuity level 
with Snellen equivalents of 20/29 or better on the 
Bausch and Lomb Modified Ortho-Rater. It was 
not considered necessary to administer the Ortho- 
Rater to normal Ss since they had periodic eye 
exams and presumably wore corrective lenses 
where necessary. 

One male retardate, who became upset over his 
inability to find some of the pieces, was replaced 
by an additional S. With this exception, Ss in 


TABLE 1 
CHARACTERISTICS OF THE THREE GROUPS 
: d | sp ip sD MA SD 
VM OUEST S 
Group l x " 

Cx 44 | 116 | 63.63 | 7.01 9.59 ES 
Retardates 13 Ho| s 7326 | 108.75 | 7.64 | 1049 | ‘67 
fourth graders p: 26 12.78 ‘41 | 108.62 | 840 | 13.88 770 

€venth graders - a 
the retarded group, from the Primary Mental Abilities Test for 


hsler intelligence ior 
Y e of the Wee Nelson Test of Men 
i as PE nnon-Nelso} atal 
Ped orra graders, and ro mer ds retardates, 28 fourth grade! 
aval 


scales for Ability for the seventh graders. Mean IQs and mean MAs are 


and 50 seventh graders. 
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all groups appeared to find the task esp aaa 
enjoyable, and all appeared motivated to per € 
well. Retardates were told prior to testing thai 
if they did well, they would receive a reward (a 
candy bar or two cigarettes). All the oce 
were rewarded upon completing the task. Norma s 
were not materially rewarded because fourth- 
grade teachers have reported that students who do 
not participate become upset over not receiving 
rewards. 


RESULTS 


Comparison of groups.—Since there were 
no significant sex, race, or order (blank 
puzzle first or second) effects within any of 
the groups, these variables were combined 
within each group for subsequent analysis. 

A two-way analysis of variance on the data 
shown in Fig. 1 indicated that groups, in- 
formation level, and their interaction were 
all significant (p < .01 or better). A Dun- 
can multiple-range test indicated that the 
total search time of the seventh graders was 
significantly shorter than the total search 
time of the fourth graders and retardates (p 
< .001), who did not differ from each other. 

The most important finding was the sig- 
nificant interaction. As information avail- 
able in the pieces was reduced, the retardates 
and fourth graders were more deleteriously 
affected than were the seventh graders. 


NATURAL 
high 


40 


low 
30 
retardates 


20 


10 


MEAN SEARCH TIME/PIECE (SEC) 


o 
PIECE> 3,6 
highest 


1 N F O R 

Fıc. 1. Visual search time of three 
pieces. (Data points have been halved 
time of each piece with the search time o 


Sroups as a functi 
and the curves E 
f another piece 
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Although not necessarily relevant, it might 
nevertheless be argued that the important 
Groups X Information Level interaction 1s 
merely a function of the ceiling effect im- 
posed. by the short latencies on the a ani 
information pieces (Natural Pieces 3, 6, 4, 
and 7). This cannot be the case with e 
comparison between the fourth and seventh 
graders, however, since there were no sig- 
nificant differences on the low-information 
natural pieces (1, 2, 5, and 8), where T 
ceiling effect occurs, and large significant dif- 
ferences on the blank pieces. However, the 
retardates did differ (p < .01) from the 
seventh graders on the tartans doe 
ural pieces. Consequently, an additiona 
analysis of variance was performed compar- 
ing the retardates and seventh graders on 
the six lowest information level data ec 
shown on Fig. 1. A significant (p « .00 ) 
Groups x Information Level apical 
again emerged, indicating that the owas 
significant interaction is not simply Md 
tion of ceiling effects imposed by the highe 
information natural pieces. dius 

Validity of information values. —It me 
judgments and ratings used to derive a 
formation values for the puzzle pieces 2e 
valid, search time should have decreased 4 


eo 
Tth grade 


4,5 


6,8 2,3 


lowest 
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TABLE 2 


AVERAGE SEARCH TIME PER PrECE ron THREE 
Groups As A FUNCTION oF INFORMATION 
VALUE or EAcH PIECE 


Average search time 
Piece No, Information 
value " 
Retardates| Fourth | Seventh 
Natural puzzle 

High m 
6 11.00 3.3 3.7 24 
3 10.29 4.9 5.8 5.0 
7 9.00 8.8 5.4 4.0 
A 7.43 5.0 35 3.4 

Low 
5 3.71 32.5 26.1 16.1 
8 2.57 8.0 10.3 9.0 
2 2.00 14.2 12.3 7.5 
1 143 19.0 12.2 11.1 

Blank puzzle 

High 
4 23 20.1 13.6 7.6 
5 20 30.7 45.5 16.4 
7 19 24.7 17.4 8.5 
1 18 21.9 47.2 15.0 
6 Boy 34.7 25.0 13.9 
8 14 38.9 38.2 18.4 
2 13 16.6 19.1 8.8 
3 13 54.0 34.7 18.8 


follows : high-information natural pieces < 
Ow-information natural pieces; and high- 
information blank pieces < low-information 
blank pieces. On a purely subjective basis, 
One would also predict that search time for 
9w-information natural pieces would be less 
than for high-information blank pieces since 
It seems reasonable to presume that on this 
Simple puzzle, even low-information pei 
Pleces should be easier to find than blank 
Pieces with high contour information. i 

Figure 1 shows that, in general, the ex- 
Pected order obtains for all three groups 
Or each group, the search times on the four 
Pleces at each information level were ra 
ned and compared with combined search 
iimes (latency) of adjacent information 
levels, Statistical comparisons (3 levels X 
Eroups) were made by t tests for correlated 
Means. Sever of the nine comparisons were 
Significant, all in the predicted direction (p 
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< .05 or better, two-tailed tests). The two 
nonsignificant differences were between low- 
information natural pieces and high-infor- 
mation blank pieces for the seventh graders 
and between high- and low-information blank 
pieces for the fourth graders. The latter 
result stems from the great difficulty fourth 
graders had with Pieces 1 and 5, which are 
located in the upper left quadrant of the 
puzzle. 

Additional findings.—It was of interest to 
compare the search time for identical puzzle 
pieces when natural and when blank. As 
noted, a piece's contour alone should supply 
less information than its combined contour 
and content. Consequently, a puzzle piece 
having low contour information when blank 
and high content information when natural 
should create the greatest difference in search 
time. This is clearly what happens with the 
retarded group, as can be seen in Fig. 2 at 
Points D-D'. The average latency per piece 
for the combined scores of Pieces 3 and 6 
is 40 sec. longer when their contents are 
eliminated than when they are natural (p < 


.001). 


INFORMATION, BLANK PUZZLE 


High Low 
4,7 3,6 


High Low 


PIECE>1,5 2,8 
50 


40 


20 


10) /NATURAL 


MEAN: SEARCH TIME (SEC) 


o 
PIECES 1,5 
Low Low 


INFORMATION, NATURAL PUZZLE 


2,8 4,7 3,6 


High High 


Fic. 2. Retarded group's mean search time 
when the same puzzle piece is natural and when it 
is blank, (Each data point is the average search 
time per piece for two pieces.) 
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On the other hand, when the contour in- 
formation of a blank piece. is high and its 
natural content information is low, the small- 
est difference in search time should Occur. 
In fact, average search time per piece for 
combined Pieces 1 and 5 when they are 
natural is not significantly different from 
when they are blank (see Fig. 2, Points 
A-A’). à 

The average search time difference for 
pieces containing high contour information 
when blank and high content information 
when natural, or low information under both 
conditions, should be intermediate between 
the two extremes. Differences of 16 and 17 
sec. for these conditions bear this out (see 
Fig. 2, Points B-B' and C-C’). Differences 
at B-B' and C-C' are significant (p < .005), 
but significantly smaller than the differences 
at D-D' (p < .005). 

Similar results, with the same compari- 
sons statistically significant, were found for 
the seventh graders, but not for the fourth 
graders, who performed so poorly on Blank 
Pieces 1 and 5. 

In summary, for the retardates and seventh 
graders, latency differences for identical 
pieces depend largely on the content infor- 
mation originally available relative to the 
contour information remaining in the pieces 
after the content has been eliminated, 

Note also that the relatively smooth curve 
in Fig. 1 was achieved by combining and 
averaging results from two pieces with 
identical or adjacent information values. 
Results from individual pieces were not 
nearly as neat (see Table 2). Despite these 
deviations, however, the finding that seven 
of the nine comparisons were significant in 
the expected direction indicates that the in- 
formation value measures used here were 
grossly reliable. 


Discussion 


As previously noted, the present measures of 
information value proved quite serviceable, 
However, location appears to influence search 
latency in this task in certain instances, Note 
in Table 3 that Piece 5 in both puzzles was rel. 
atively difficult for all groups and Blank Piece 
2, positioned close to the target piece, was rel- 
atively easy in spite of its low-information 
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value. Other factors also play a role. Although 
Natural Piece 8 was of low-information value 
relative to the entire picture, the presence of a 
flower in that puzzle piece probably provided a 
high measure of independent information, 
thereby accounting for its short latency. Ap- 
parently, both position and independent infor- 
mation value are variables that additionally in- 
fluence search time, although the major varia- 
bles are the information in a natural piece 
relative to the entire puzzle and shape complex- 
ity in the blank pieces. 

Extreme loss of information resulting from 
eliminating content is severely and equally de- 
bilitating for both the retardates and the fourth 
graders. It has much less effect on the per- 
formance of the seventh graders. Clearly, the 
seventh graders have additional resources for 
coping with the loss of information. send 

In considering the mechanisms used in visua 
search, Neisser's (1967, p. 94) two-level Eu 
pothesis is attractive. Neisser posits an initia 
preattentive phase during which the a 
scans the material for further processing. T ns 
is followed by a focal attention phase when i: 
organism concentrates on and analyzes t de 
chosen object. Presumably, poor Lago 
on the present task can be attributed to pe 
culties in the preattentive phase; for once - 
organism is cued to the location of the la. 
Piece, more intense focal attention is pm 
confirmatory. Such an analysis applied to i 
Present data suggests that as people matu d 
they develop additional resources at the Pr 
attentive stage of alertness. jë 

The increasing performance differences an 
tween high- and low-MA groups have e 
found previously on other tasks (Siegel, 19 ity 
Spitz et al., 1968), Presumably, the diffic d 
level could be additionally increased to a e 
at which all groups fail or function at a pr 
level. This Suggests a general principle e 
might apply to differences between retarda " 
and normals and between older and e 
normals. The Principle can be stated as 1° 
lows: Performance differences of higher oe 
lower MA groups as a function of task di p 
culty will describe an inverted U-shaped eee 
tion, with increasing amount of difficulty alor 
the abscissa and increasing amount of diterne 
along the ordinate. In other words, going fro i 
ceiling to floor effect, differences bee 
groups will increase to some point and i: 
decrease. Depending on the task, the myer j 
U-shaped function will be skewed left or Hr 
Depending on the differences in MA, the ! 
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verted U-shaped function will flatten or 
heighten. The advantage of this principle is 
the reduction of functions derived from many 
diverse types of experiments to a single com- 
parative function. 
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PREFERENCE FOLLOWING ADAPTATION OF AN IDEAL 


AND 


THE METRIC SCALING OF VISUAL COMPLEXITY? 
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Pennsylvania State University 


In five experiments, cats (N 
stimulus on Trial 1 and the 
stimuli on Trial 2. The Ss 


ly complex 
rent choice 


In a recent study of exploratory behavior 
(Thomas, 1969), cats wandered among 
three differentially complex visual stimuli for 
six trials. On each trial, preference order 
relations for the stimuli were determined. 
The more time spent with a stimulus, the 
more it was said to be preferred. The 
preference order relations, interpreted with 
Coombs' (1964) theory of 


distances 
considerably reduced, 


than the dis- 
Í stimuli ; HS 


Scale. Also, 
HS,VS since 
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State University, 117 Burrowes Building, Uni- 
versity Park, Pennsylvania 16802. 
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e 


HS,LC = HS,VS + VS,LC; but whether 
HS,VS is greater or less than VS,LC is an 
empirical question that cannot be deduced. 
These examples should demonstrate that 
some of the distance relations among a set 
of stimuli can be inferred given an order 
relation, while others need to be determined 
empirically, : 
Determining distances between stimuli 
om behavior data would seem to be an 
mportant first step toward specifying param- 
eters more precisely in studies of, eg, €x 


fr 
i 


SIMPLE COMPLEX 


" 
HS vs d sc 


HS 


A) 


8) sc 


HS 


vs Lc SC 


HS 


LYS  vssvs LcMc SC 


bem ME NEM NEL. 


Stimuli on simplicity-complexity scale. 
li with dotted tines accurate within order- 
Preserving transformation, Distance relations 
between stimuli with solid lines accurate within 
monotone transformation, Fig. 1A: J scale. I= 
location prior to adaptation on LC; I'— location 
after adaptation on LC. T should prefer SC over 
S. SC, Vs are bilateral to I'; VS, HS are 
unilateral to Tr Fig. 1B: Relations after Exp. l 
“ig. IC: Relations after Exp. II. Fig. 1D: 
istances on interval scale, A=], and stimuli 
for Exp. III to V.) 
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ploratory behavior. While scaling proce- 
dures can be used without great difficulty in 
most human research, the problem in animal 
Tesearch is more acute. So far, other than 
operant procedures, such as Blough's (1958), 
the problem has apparently been unre- 
searched. 

Two of five experiments reported here 
Were designed to determine the metric order 
relations among four stimuli (ie., the rank 
Order of the stimulus distances). Three 
additional studies were designed to test the 
distance relations obtained in Exp. I and II. 


GENERAL METHOD 


The procedure for each of the five studies was 
exactly the same. Only Ss and stimuli used in 
cach experiment were different. 

Subjects—The Ss were 50 cats, 10 in each 
experiment, All Ss were born and reared 
in large laboratory cages and averaged 13 mo. of 
age, 
Apparatus—The main apparatus was a tri- 
angular box used in a previous study (Thomas, 
1969). Each side was a wooden frame, 6 ft. 
long X22 in, high, in which clear glass was 
Mounted. Partitions bisected each interior angle 
of the box, dividing it into three compartments. 
The ends of the partitions were angled so as 
to leave a neutral center portion of the box 
through which the animals had to pass to enter 
any compartment, but from which it was difficult 
9 see into any compartment. . 

The top of the box was covered with translu- 
Cent plastic. Lamps centered over the top of 
cach compartment provided a bright diffused light 
for the box interior and for the stimuli, which 
Were attached to the glass walls on the outside of 
"€ box, Except for the translucent top and 
Blass walls, the box was painted black. . 

rectangular retaining box, 29 x 18 x 30 es 
tall With a translucent top, was used to retain Ss 

tween trials. One portion of one side w 
Blass, through which a stimulus could be viewed 

Stimuli—The stimuli were large pieces ide 
Cardboard cut to fit the glass walls in caci m 

the triangular box. Complexity was ue a 
aS the number of brightness changes tar d 
Stimulus, equivalent to the number of blaci i 
white elements in a stimulus. The more E 
ments, the more complex it was. For Exp. im 
I, the stimuli, in order of increasing complexity, 
Were 4-in. black and white horizontal stripes 


(HS) with 53 elements; 3-in. black and white 
chr tical stri jes (VS) with 27 elements; two 
ard one with 2-in. black and 


Checker, 

S, 
White d og with 280 elements, the other 
A about 5,900 4-in. squares (SC). These et 
Uh all with equal portions of black and white, 
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have been shown to lie on a single unidimensional 
complexity continuum (Thomas, 1969). The 
stimuli for Exp. III, IV, and V, similarly con- 
structed, are described subsequently. 

Procedure.—The Ss were run at night An § 
was placed into the neutral center portion of the 
triangular box, and the top was lowered into 
place. The compartment lights were turned on 
to illuminate the box, and a trial was begun. The 
E observed S from above the box. When an S 
entered a compartment, ie, when his head 
crossed an imaginary line formed by the end of 
a compartment partition and wall of the box, one 
of three switches was closed, activating a pen on 
an event recorder (Gerbrands). Thus, length of 
time in each compartment was recorded. 

Each S was run for two consecutive 10-min. 
trials. On Trial 1, the adaptation trial, identi- 
cal “adaptation” stimuli were in each compart- 
ment. When the trial ended, S was placed in the 
retaining box, which had secured to its glass wall 
half of an adaptation stimulus. Two of the three 
identical adaptation stimuli in the triangular box 
were randomly selected and were replaced with 
two different "choice" stimuli. The third com- 
partment retained the adaptation stimulus. The 
S was again placed in the triangular box, and a 
10-min. choice trial was run. 


RATIONALE 


In Coombs' (1964) unfolding theory of 
preference, both individuals and stimuli may 
be ordered along a common scale called a J, 
or joint, scale. In this case, the J scale is 
a complexity scale. An individual's location 
on the scale is called his ideal. The Coombs' 
choice postulate states that the "individual's 
preference ordering of the stimuli from most 
to least preferred corresponds to the rank 
order of the absolute distances of the stimulus 
points from the ideal point, the nearest being 
most preferred [p. 80]." It is assumed that 
S’s choice behavior is in correspondence with 
the choice postulate, and further, that the 
adaptation trial causes his ideal to coincide 
with the adaptation stimulus' point on the 
scale. Given these assumptions, S should 
prefer, of the choice stimuli, the stimulus 
closest to the adaptation stimulus. Interest 
in these studies is focused on preference be- 
tween the two choice stimuli. Whether S 
prefers or avoids (relative to the choice 
stimuli) the adaptation stimulus present on 
the choice trial is of no particular interest 
except as it relates to the adaptation assump- 


tion to be discussed. 
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Only choice stimuli bilateral to the indi- 
vidual's ideal point (see Fig. 1A), ie. one 
choice stimulus on each side of the ideal, have 


TABLE 1 
TIME WITH STIMULI ON CHOICE TRIALS 


Relative complexity level 
S 
2 Low | Medium | High 
I HS vs SC 
1 211 115 107 
2 85 167 241 
3 27 135 34 
4 124 115 26 
5 164 115 165 
6 50 229 288 
7 130 13 385 
8 67 10 186 
9 10 5 313 
10 115 156 284 
II VS LC SC 
1 30 15 278 
2 123 246 211 
3 85 341 154 
4 261 49 212 
5 258 1 195 
6 212 69 304 
7 33 471 81 
8 84 190 243 
9 7 33 458 
10 124 15 203 
HI HS LVS SC 
1 123 389 69 
2 110 126 308 
3 54 238 49 
4 488 62 6 
5 287 15 163 
6 90 48 109 
7 154 209 173 
8 485 68 23 
9 331 108 114 
10 233 84 108 
m IC | MC | sc 
1 269 44 183 
2 103 201 248 
E 121 328 72 
4 183 201 164 
5 89 246 64 
6 285 131 143 
7 209 188 129 
8 238 171 138 
9 185 171 189 
10 293 82 168 
V VS SVS MC 
1 49 165 194 
2 197 87 153 
So 167 25 67 
4 176 115 187 
5 194 241 99 
6 172 233 88 
7 281 72 86 
8 138 70 47 
9 156 150 86 
10 177 86 121 
E i in seconds. Time in neutral center of box 
E iu SERIES — high. 
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metric implications; unilateral choice stimuli 
(both stimuli on the same side of the ideal) 
provide information on order relations be- 
tween the stimuli, but not information on 
metric relations. In all the present experi- 


ments the choice stimuli are bilateral to S’s 
adapted ideal. 


EXPERIMENT I 


Stimuli—The VS was the adaptation 
stimulus; HS and SC were the choice 
stimuli. 

Results and discussion—In Table 1 the 
total times spent by each S in the stimulus 
compartments on the choice trials for Exp. I 
and the remaining experiments are reported. 
The Wilcoxen matched-samples test (Hays, 
1963, p. 635) was applied to the time score 
preferences for HS and SC for each s. 
Eight Ss preferred SC over HS, i.e., spen 
more time in the compartment with SC bee 
in the compartment with HS ; and Ss prt 
significantly more time with SC than Ww! 
HS, T=7, p « .05 (two-tailed). ice 

Given this finding, assuming the iens 
postulate holds, it may be concluded d 
is closer to VS than HS is to VS (see E 
1B). Thus, it is possible to order the follo = 
ing distance relations: HS SC: Habes 
HS,VS > VS,SC, leaving the relations. d 
tween VS,LC and LSC to be p ou. 
(again, see Fig. 1B). The distance HS, ie 
can be inferred to be > HS, VS, given ve 
finding that VS is closer to SC than to I 


ExpertmMent II 


Stimuli—The LC was the adaptation 

stimulus; VS and SC were choice Mi 
Results and discussion.—Eight of 10 ie 

preferred SC over VS, and significantly E: ds 

time was Spent with the SC stimulus, 

5,p = .02 two-tailed), ; 

It is pda S N order all pair$ e 
distances: HS,SC > HS,LC > HS,VS5 g 
VSSC» VSLC-LGSC, a diminishing 
ordered metric scale where the distances ely 
tween adjacent pairs become progressiv in 
smaller. The situation is illustrated 
Fig. 1C. aw 

These metric relations were guns oe 
an interval scale using Goode’s proce 
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under the constant A assumption (Coombs, 
1964). Scale values did not change greatly 
for various values of A (except for A = 0, 
which caused LC and SC to coincide). The 
value A = 1 was selected as reasonable, the 
scale was limited from 0 to 100, and the 
obtained values were as follows: HS =0, 
VS = 57.1, LC = 857, SC=100. These 
stimulus scale values were plotted against the 
number of black and white elements in each 
stimulus, and a curve was fitted by eye to 
the four points. By reference to the curve, 
stimuli could be selected with specified num- 
bers of black and white elements and speci- 
fied stimulus scale values. 


ExPERIMENT III 


It has been shown that with exposure to 
complex visual stimuli, Ss tend to select in- 
creasingly complex stimuli (e.g. Dember, 
Earl, & Paradise, 1957; Thomas, 1969). 
Therefore, it was reasoned that the most de- 
manding test of the metric scale relations 
Would be to predict that 5s should prefer, as 
the nearest bilateral choice stimulus, the 
Stimulus of least complexity. Additionally, if 
Ss move along a complexity scale toward 
increasing complexity, as has been demon- 
Strated (Thomas, 1969), they would be 
moving away from the simple stimulus to- 
Ward the complex stimulus. LN 

Stimuli—New adaptation stimuli were 
made with large 5-in. vertical stripes ( LVS), 
cach with 11 elements. The corresponding 
Scale value of 37 falls in the lower central 
Portion of the stimulus scale, as Fig. ID 
illustrates, Choice stimuli were HS and SC. 
It was predicted that HS would be pre- 
€rred over SC. 

Results—Seven Ss preferred HS over 
SC, and more time was spent with HS than 
SC, T = 12, s= 159, p < .06 (one-tailed). 


ExpPERIMENT IV 


Stimuli—New adaptation stimuli were 
Made with medium-size 1.25-in. checkers 
(MC), each with 616 elements. The cor- 
sponding scale value of 91 falls in the 
1PDer portion of the stimulus scale, as Fig. 

illustrates. Choice stimuli were LC and 
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SC. It was predicted LC would be preferred 
over SC. 

Results.—Eight Ss preferred LC over 9G; 
and more time was spent with LC than 
with SC, T= 11, z = 1.69, $ «.05, (one- 
tailed). 


ExPERIMENT V 


Stimuli—New adaptation stimuli were 
made with small 2-in. vertical stripes (SVS), 
each with 28 elements. The corresponding 
scale value of 67 falls in the upper central 
portion of the stimulus scale (see Fig. 1D). 
Choice stimuli were VS and MC ; it was 
predicted VS would be preferred over MC. 

Results.—Eight Ss preferred VS over 
MC, and more time was spent with VS than 
with MC, T—10, z= 1.78, p < .04 (one- 
tailed). 


GENERAL Discussion 


Experiments I and II demonstrated that it is 
possible to generate metric relations among 
stimuli from behavioral data. Experiments III, 
IV, and V demonstrated that the metric rela- 
tions obtained hold for an independently gen- 
erated set of adaptation stimuli. 

Although the distances obtained were ex- 
pressed on an interval scale, the tests of the 
obtained distance relations cannot be said to be 
tests of the interval scale. Scale separations 
between the adaptation stimulus and choice 
stimuli predicted as being preferred were, on 
the average, about half as great as the distance 
between the adaptation stimulus and the more 
complex choice stimulus. Thus, the tests of 
distance relations in Exp. III, IV, and V are 
best perceived as being tests of an ordered 
metric scale. Future studies designed to test 
preferences for choice stimuli more similar in 
proximity to the adaptation stimuli will un- 
doubtedly have to treat preference behavior as 
a stochastic process. This topic was discussed 
by Coombs (1964). 

There is no certainty that the procedures 
used here would always produce a completely 
ordered metric scale. More likely to result are 
partially ordered metrics (a situation in which 
some pairs of distances have tied ranks), par- 
ticularly if many stimuli are used. Further, 
the strategy for determining distances by this 
method is an exercise in E judgment. For 
example, if in Exp. I, HS had been preferred 
over SC, fewer metric relations could have 
been inferred, and more than two experiments 
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would have been required to obtain an ordering 
of stimulus distances. Too, the procedure be- 
comes extremely cumbersome as the number of 
stimuli increases. . . 
Probably different scaling techniques will 
lead to different metrics; in fact, this would 
be expected from theory. The stimulus scale 
developed here is a preference scale. Assessing 
stimulus distances from similarity data (e.g., 
Dember, 1957) may lead to different metrics. 
Similarity and preference data are believed to 
represent quite different psychological processes 
(Coombs, 1964). f . a 
Whether the adaptation trial caused Ss ideals 
to coincide with the adaptation stimulus point is 
an important question, but it is difficult to 
answer directly. Demonstrating that the adap- 
tation trial altered Ss’ responses toward the 
adaptation stimulus on the choice trial would 
be indirect but partially confirming evidence. 
In an earlier experiment (Thomas, 1969), 
the first choice trial was similar to the choice 
trials here, except there was no previous adap- 
tation trial. In that study, 12 of 21 cats pre- 
ferred most, on their first choice trial, the 
“adaptation stimulus” (ie, the stimulus of 
intermediate complexity). In the experiments 
reported here, the same Proportion of Ss might 
be expected to prefer most the adaptation stim- 
ulus if the adaptation trial had failed to alter 
Ss’ behavior. In fact, only 12 of 50 Ss pre- 
ferred most the adaptation stimulus, The 
probability of observing 12 in a sample of 50 
from a binomial population with p= 12/21 is 
small, p < .001 (two-tailed), Thus, it appears 
that Ss were adapted to the stimuli, or at least 
their behavior toward the adaptation stimuli 


was altered from what might be expected for 
unadapted Ss. 


Incidentally, the findin 
adaptation stimulus on the choice trial, pre- 
ferring a stimulus slightly discrepant from 
adaptation level, is in agreement with the Mc. 
Clelland discrepancy from affect hypothesis 
(Haber, 1958; McClelland & Clark, 1953), 
Also, it is quite probable that under some con- 
ditions, preference for a choice stimulus would 
increase with increasing distance between the 


g that Ss avoid the 
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adaptation and choice stimuli. 
needs to be explored. 

These results should make it possible to 
specify more quantitatively parameters in some 
theories of motivation. For example, Dember 
and Earl (1957) predicted that Ss would be 
motivated by stimuli slightly above their com- 
plexity ideals. How far from the ideal point 
stimuli can be and still be motivating has 
never been determined, but this should now be 
possible. 

Finally, these procedures for 1 
metric relations might well be employed in 
studies similar to Haber’s (1958) classic ex- 
periment where there is no obvious psycho- 
logically relevant physical stimulus measure. 


This possibility 


obtaining 
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The Ss were required to classify 


compact and distributed stimulus sets 


according to partitions varying in frequency, as offered by Ss in a previous 


free classification study. 


In Exp. I, performance with compact sets was 


predictable from knowledge of preferred classifications, although a single- 


unit S-R theory could also predict the differences. 
compact and distributed sets were used. 


In Exp. II, partitions of 
Imposed partitions corresponding 


with preferred classifications produced less errors than when partitions did 
not so correspond. The data of both studies indicate that the interaction of 


different partitions with 


different forms of simulus sets produce codable 


patterns that vary greatly in complexity. 


Increasing attention has been devoted to 
stimulus organization in human learning 
(Mandler, 1967a, 1967b). These studies 
have indicated that Ss tend to organize any 
Set of stimulus materials, as evidenced par- 
ticularly in free recall techniques of assess- 
ing the learning of lists of stimulus forms. 
Fallon and Battig (1964) have indicated 
that Ss’ preferences for organizing stimulus 
materials influence later imposed learnings. 

ehavior in such classification and learning 
Studies could be dependent on the properties 
of Stimulus sets. One property is whether 
the stimulus sets are compact or distributed 
(Shepard, Hovland, & Jenkins, 1961). A 
Compact stimulus is a single unit that em- 
dies all of the information presented, 
Whereas a distributed stimulus requires 
Separate units presented at the same time 
to indicate the information conveyed by the 
ect member, Studies using this distinction 
have been reported by Shepard et al. (1961) 
and Zippel (1968). Also, Chang and 
. Spard (1964) tried to extend the dis- 
metion from geometric stimuli and pic- 
torially Meaningful objects to verbal mate- 
Pals, with only moderate success. 
diy his research was supported by the graduate 

10n of the City University of New York. 
Zip, quests for reprints should be sent to Bert 
» Department of Psychology, Hunter College 
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In general, all organisms come to a stim- 
ulus situation with previous patterns of re- 
sponse to portions of the situation. Such 
response patterns could be thought of as op- 
erant modes of element clustering ( OMEC) 
behaviors, and these OMEC behaviors may 
or may not be stable or consistent with re- 
quired response patterns in any given situ- 
ation. 

Few studies have systematically ascer- 
tained human Ss’ OMEC behaviors in re- 
lation to the demands of imposed learning 
tasks. The purpose of the present studies 
is to relate OMEC behavior with different 
partitions of compact and distributed stim- 
ulus sets. In both of the studies, the com- 
pact and distributed sets are closed (Cohen, 
1966) and exhaustive (Esper, 1925). The 
first study compares the rate of learning 
various partitions of compact stimulus sets 
where the partitions vary in frequency of 
occurrence as OMEC behaviors, 


EXPERIMENT I 


Shepard et al. (1961) determined that 
there are six basic partitions of three-attri- 
bute, two-values-per-attribute stimuli into 
two groups of four set members each. Zippel 
(1968) generated a number of stimulus sets 
and instructed Ss to group their members in 
any way they wished. Most of the Ss sorted 
the cards into four groups of two members 
each, using two attributes for the basis of 


their sorting. As a result of these data the 
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different partition rules possible for classify- 
ing such sets into four groups of _two 
cards each were determined. The 6 partition 
rules of Shepard et al. and the 12 rules 
determined by this E, along with the number 
of different ways each rule could be applied 
for a given set of attributes, are described 
in Table 1. The letters A, B, and C repre- 
sent arbitrary designations of the attributes 
ofa set. The uppercase or lowercase desig- 
nations indicate which of the two values of 
the attribute is being considered. Plus signs 
(+) are used to separate categories, while 
/. signs indicate conjunction within a cate- 
gory. Thus, eg. Zó expanded would give 
the categories AB, Ab, aBC A abc, and 
aBc A abC. With this partition rule, there 
would be 12 possible arrangements of a set 
that would fit the description. That is, if 
size were one of the attributes, then size 
could be A in four of the arrangements or 
B or C in the remaining arrangements. 
Table 1 also presents the number of Ss who 
partitioned the sets in the earlier classifica- 
tion study (Zippel, 1968) according to these 
and other partition rules. 
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From the 18 SHJ and Z partition rules, 
a subset of five was selected for imposed 
classification learning with compact sets: Z1, 
Z2, Z12, SHJ1, and SHJ6. It was hypoth- 
esized that in a complete learning situation 
(Haygood & Bourne, 1965), Ss would learn 
to classify a set of stimuli partitioned accord- 
ing to rules that are consistent with frequent 
OMEC responses (SHJ1 and Z1) faster 
than sets partitioned according to partition 
rules that are less often chosen (Z2, Z12, 
SHJ6) in an OMEC situation. A sixth 
condition was added to the study to deter- 
mine the effect of learning a separate re- 
sponse to each of the members of a set. 


Method 


Subjects—Six volunteer college Ss were ran- 
domly assigned to each of the six learning condi- 
tions for a total of 36 Ss. None of the Ss had 
previous experience with an experiment involving 
the kinds of stimulus or response materials used 
in the present study. 

Construction of the stimulus displays.—Stimulus 
Sets were generated which were composed of 
geometric forms of 3 attributes with two 
values per attribute. An attribute is defined as a 
label commonly assigned to a set of objects that 


TABLE 1 
CLASSIFICATIONS or THREE ATTRIBUTE STIMULUS SETS INTO Two GROUPS 


or Four AND Four 


Gnours or Two 


Partition Algebraic description Groupings OMEC frequency 
SHJI A+a 3 3 
SHJ2 AB ^ab + Ab AaB 3 
SHJ3 AB ^aC + Ab ^ac 12 
SHJ4 AB ^C(Ab AaB) + ab Ac(Ab AaB) 4 
SHJS AB ^a(BC Abc) + Ab ^a(Bc AbC) 12 
SHJ6 A(BC Abc) ^a(Bc^bC) + A(BcAbC) ^a(BC abc) 1 (1) 
Zl (A + a)(B + b) 3 15 
Z2 A(B +b) +a(C +c) 6 1 
Z3 AB + ab + (C + c) (Ab AaB) 6 
Z4 (A + a) [(BeabC) + (BC abc)] 3 
Z5 AB +aC + be + AbC ^aBc 8 
Z6 A(B +b) +a(BC abc + BcAbC) 12 
Z7 AB + bC + a(BC ^ bc) + c(Ab ^aB) 24 
Z8 AB + ab + AbC ^aBc + Abc AaBC 6 
Z9 (A +a)(Bc abC) + ABC ^abc + Abc aaBC 6 (2) 
Z10 AB + a(Bc^bC) + b(AC ^ac) + AbcAaBC 24 
Zul A(bC ^ Bc) + B(AC ^ac) + b(Ac^aC) + a(be a BC) 6 
Z12 ABC ^abc + ABc ^abC + AbC ^aBc + Abc AaBC 1 (4) 
FD1 32520 4 (9) 

Other — 1 (6) 


a Parentheses indicate frequency of OMEC groupings with distributed sets. 


with compact stimulus sets. 


No parentheses indicate frequency of grouping’ 


CLASSIFICATION OF GEOMETRIC STIMULUS SETS 


can serve as a focus for further subdivisions of a 
Set, such as color or shape. Attributes are dis- 
tinguished from dimensions which imply subdi- 
Vision of an attribute according to orthogonal 
qualities that vary in magnitude. For example, 
Color is an attribute that is composed of the di- 
mensions of hue, brightness, and saturation, 
Whereas the attribute of shape cannot be similarly 
Imensionalized (see Torgerson, 1958, pp. 247-250 
for a similar use and Slamecka, 1968, for a dif- 
ferent use of terminolog A list of 11 attributes 
Was created, from which sets of 3 attributes 
could be drawn at random, The attributes were 
e Size, color, shape, thickness, solidness, and 
Ocation of the figure, and the number, thickness, 
Solidness, slant, and color of lines drawn inside 
the figure, Various specific sets of stimuli could 
then be generated by randomly varying a subset of 
these attributes and randomly fixing the values of 
© remaining attributes of the pool. 
esign.—Three different sets of three-attribute, 
WO-values-per-attribute compact stimuli were gen- 
crated, Three random orders of each set were 
Constructed, and the figures drawn on 3X 5 index 
“ards were inserted into plastic file card holders, 
thee of which then contained all 24 cards of the 
t Tce replications of a given sct. A second and 
ird set of such random orders was constructed 
d Sach different stimulus set. Which of the 
andom orders of the sets was presented to a given 
to Was randomly determined. All Ss were exposed 
the task with each of the three different sets in 
om order, . 
as, S went through the card file as many mg 
erro, is Necessary to reach a criterion of des : 
ever Ss presentations or 168 presentations, whic 
par MC first. Each S had the same type o 
"tition to learn on three successive tasks. The 
for the classes were single letters of the 
r^ These names were randomly determined 
Sepa ach S for each set and presented to S on a 
larna card so that no memory was ien 2 
Tange the group names. The particu M e 
deter nt for a partition rule was also ran mie 
rule; Ned for each S since some of the partiti 


s F H of 
attri ced more than one possible grouping 


es ; ; 
"Its and Discussion 


32 ?y Ss did not reach the criterion of 
thing FOtless presentations, even with the 
Teac] task. The percentage of performances 
Sent E the criterion of 32 errorless = 
Tan Tons across the three successive tasks 
Sujet from 78% for SHJ1 to 6% for 
lite." With a median of 33% among M 
Vere “nt partitions. Thus the error data 
les, oy zed. There is a problem in at- 
the sue to compare directly the results for 

Partitions, the Z partitions, and the 
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paired-associates task in that the probability 
of correct guessing is .50 for SHJ, .25 for Z, 
and .125 for the paired-associates task. An 
error measure was taken that represented the 
proportionate difference between total errors 
made and chance errors expected for each 
S on each task. Figure 1 presents the mean 
proportionate errors for each group in each 
of the three successive tasks. An analysis 
of variance for this two-factor experiment 
with repeated measures on the task factor 
(Winer, 1962) showed no significant differ- 
ences due to first, second, and third task, 
F (2, 60) = 1.47, p < .25. There was no 
significant interaction among tasks and the 
different partitionings, F (10, 60) =.08. 
There was a significant difference in per- 
formance as a result of the various partitions, 
F (5, 30) 2128, p < 01. The Newman- 
Keuls method of testing the difference be- 
tween all possible pairs pf means (Winer, 
1962) showed the SHJ6 and Z12 partition 
performances to be significantly different 


PROPORTION OF ERRORS TO CHANCE ERRORS 


TASK 


TASK TASK 


1 2 3 
Fic. l. Proportionate errors in three successiy, 
e 


tasks for six different imposed Partitions usi 
three-attribute compact stimulus sets. ing 
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from all other partition performances at 
least at the .05 level of significance. 

As the control paired-associates task per- 
formance is closer to Z7, Z2, and SHII 
partition performance than the more difficult 
Z12 and SHJÓ partition performance, there 
is no support for a hypothesis that ease of 
learning is a direct function of the number 
of response alternatives available. From the 
obtained data it also seems to make little 
difference whether the responses are con- 
sistently tied to values of the same two 
attributes as in ZI or whether there is a 
shift in relevant attributes from group to 
group as in Z2. What seems of central im- 
portance among these two partitions is that 
there is a consistent pairing of two values 
for each response. 

The sets partitioned according to SHJ6 
and Z12, which proved to be most difficult 
to learn, differ from the other conditions in 
that no conjunctive combination of values is 
uniquely associated with any given response. 
The order of difficulty apparent from Fig. 1 
would seem to support the hypothesis that 
difficulty is a function of the number of 
values that are combined conjunctively to a 
response which is consistent with studies of 
learning conjunctive concepts 
1966). 

The learning data of the present study 
indicate that frequency of OMEC behaviors 
help to make only gross predictions as to 
order of learning sets classified according to 
imposed partition rules. An explanation in- 
volving response competition seems as able 
to explain the findings of learning difficulty 
as any hypothesis testing model, especially 
in light of the overall low degree of learning 
in the various conditions. Thus, the present 
study offers only tenuous support to the 
notion that learning sets classified according 
to imposed partitions is related to OMEC 
behavior. The following study reports an- 
other attempt to demonstrate a relation 
between frequency of OMEC behavior 
imposed classification learning. 


(Bourne, 


ship 
and 


EXPERIMENT II 


Shepard et al. (1961) found that, with the 
exception of SHJ1, distributed sets par- 
titioned according to the SHJ rules were 
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more difficult to classify than compact sets. 
In the OMEC study, Zippel (1968) found 
that distributed sets are classified differently 
from compact sets, as indicated in Table 1. 
Thus, the difficulty of the distributed sets 
found by Shepard et al. may have been due 
to requests to classify according to partitions 
that 5s would more readily apply to compact 
sets. Indeed, Fallon and Battig (1964) 
found that Ss preferred to classify a three- 
attribute, two-values-per-attribute distrib- 
uted set in a way equivalent to a Z8 par- 
tition rule rather than to a Z1 partition rule, 
and that learning to classify according to a 
Z6 partition rule proceeded faster than clas- 
sifying according to a Z1 partition rule. In 
the classification tasks employed in the 
OMEC study, three-attribute distributed sets 
were classed most often by what might be 
called a frequency distribution rule, which 
grouped the stimuli into subsets according 
to the number of occurrences of the value 
that varied from position to position (FD1). 
For example, if the attribute of size was 
varied, an $ would make groups of from 
zero to three small figures. It was hypothe- 
sized, therefore, that learning to classify a 
set of compact stimuli partitioned according 
to a Z1 partition would be faster than learn- 
ing to partition a distributed set according to 
this rule. Further, a set partitioned accord- 
ing to an FD7 rule would be learned faster 
for distributed than for compact sets. 
Paired-associates tasks were included for 
both distributed and compact sets. A com- 
plicating factor with the application of the 
FD1 partition to distributed sets is that the 
rule is confounded with the perceptual char- 
acteristics of the set. Therefore, another 
control condition was introduced in which 
the rule conflicted with the perceptual nature 
of the set members, This was accomplished 
by randomly choosing one member of the 
Set other than one where all elements were 
the same (such as two small and one large: 
rather than three small) and forming the 
other groups according to the number of 
differences from this nonperceptual anchor. 
Method 
Subjects. 


study from t 
for this anal 


he data from Ss in the previous 
he ZI and control groups were use 
ysis. Six more college volunteer 5$ 


CLASSIFICATION OF GEOMETRIC STIMULUS SETS 


Were assigned to each of five new groups: FD1 
With compact sets; and with distributed sets, ZI, 
FDI, Paired-associates, and FDI with arbitrary 
anchor, 

Construction of the stimulus displays—The same 
compact sets used in Exp. I were used in this 
Study, and the distributed sets were constructed 
from the Same pool oí attributes by randomly 
varying 1 of the 11 attributes and randomly fixing 
the values of the remaining 10 attributes. 

Design.—The sets were organized and adminis- 
tered to Ss as described in Exp. I. For those 
SrOUps where the FDI partition was applied, Ss 
Were given the four letters that would serve as 
responses, but were further instructed that they 
Would be grouping the pictures into two groups of 
One and two groups of three members each. They 
Were not told which response letters were associ- 


ated with the single-member or triple-member 
groups, 


Results and Discussion 


In this study, also, most Ss did not reach 
the criterion of 32 errorless presentations. 
he percentage of Ss reaching that criterion 
Or the various conditions across the three 
tasks ranged from 78% for FD1 applied to 
distributed sets to 6% for FD1 applied to 
compact sets with a median of 39%. Thus, 
again, the analysis of errors was undertaken. 
! comparison of the errors in each of the 
“ups offers difficulty in this study, as the 
Partition introduces the possibility of 

Pro ability matching in Ss responding. _To 
Stermine the extent of any probability 
pitching, the frequency of error responses 
nt each response was determined for con- 
Titions in which four response letters were 
Sed. The results showed no differences in 
ne among the conditions. Nor was there 
Increase in the responses appropriate for 
^s Stimulus set members from the first 
Tough the third task except where the FDI 
Partition was applied to compact stimulus 
m In this condition the two rein 
label; actually accounted for 75% B 
of “ng were chosen 55%, 65%, and ne 
tag the time in the first, second, and thir 
Mo, 3 respectively, However, overall, a 
Sp del assuming that each of the four re- 
apruses is used equally often seems most 
spo Opriate for the data. Thus in four = 
een, alternative conditions, it was assume 
35 _ ‘© Probability of a correct response was 
alter 5 compared with .125 for eight response 
tive conditions. Figure 2 presents 
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the mean proportionate errors for the groups 
in the three successive tasks. Considering 
a particular partition as appropriate or in- 
appropriate to a set or a paired-associate 
task, a three-factor analysis of variance was 
constructed, with the first factor being form 
of partition, the second factor form of stim- 
ulus set, and the third factor the performance 
on the three successive tasks with repeated 
measures on the task factor (Winer, 1962). 
The nonperceptual anchor group was not 
analyzed in this comparison. 

There was a nonsignificant trend for per- 
formance with the distributed stimulus sets 
to be better than with the compact sets, F 
(1, 30) = 2.61, p > .10. In this study the 
improvement from task to task was signifi- 
cant, F (2, 60) = 15.41, p < .01, as was the 
main hypothesis under test indicating that 
where partitions were appropriate, there 
were less errors than in tasks where par- 
titions were not appropriate to the sets, F 
(2, 30) = 9.02, p < .01. No interactions ap- 
proached significance. Again, the paired- 
associates learning tasks did not prove to be 


A-APPROPRIATE RULE 
C-COMPACT I-INAPPROPRIATE RULE 
D-DI STRIBUTED 


R-PAIRED ASSOCIATES 
V-VIOLATED 
PERCEPTUAL GROUPING 


.80 
20 


.60: “u DAV 
[s] 


.50 


.40 


OF ERRORS TO CHANCE ERRORS 


.30 


.20 


PROPORTION 


-10 


TASK 


TASK TASK 


1 2 3 
Fic. 2. Proportionate errors in three successive 


tasks for seven different imposed Partitions using 
three-attribute compact and distributed sets. 
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much more difficult than the sets with. ap- 
propriate partitions. A separate analysis to 
differentiate between the distributed sets 
using the Z1 partition and the FD1 partition 
with no perceptual anchor was not signifi- 
cant. This would indicate that a distributed 
set partitioned according to a frequency dis- 
tribution rule is easy to learn only when 
the rule coincides with perceptual character- 
istics of the stimulus set. 

In Exp. II the influence of OMEC be- 
havior on classification performance is more 
evident than in Exp. 1. The preferred 
OMEC pattern when in agreement with the 
imposed partition offers better performance 
than when the partition to be learned is in 
conflict with the preferred OMEC behavior. 
In looking at the data of individual Ss, no 
consistent patterns were observed which 
would indicate that Ss learned the group 
labels sequentially, and where this seems to 
be the case for an S on a given task, there 


is no evidence that this continues to be the 
case from task to task. 


The procedures used in 
not maximally facilitate t 
or verbalization of partiti 
ample, a Z12 
ized as follows: 
and its opposite 
circle and its op) 
lack of significant 
third task perfor 
limited improve: 
task in Exp. II 


not been concerned 
entiating stimulus prope 
tinctions do elicit differ, 
Ss. Thus, the results of 
not be generalized beyon 


ent behaviors from 
these studies should 
d the types of stim- 
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uli used. Further, the kinds of distributed 
stimuli used in the present study differ from 
those initially developed by Shepard et al. 
(1961). Other OMEC studies are under- 
way to determine whether different forms 


of generating distributed stimuli make a 
difference. 
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OBSERVING RESPONSES, ATTENTION, AND THE 
OVERTRAINING REVERSAL EFFECT? 


PETER D. EIMAS? 


Brown University 


Third-grade children were trained on a successive discrimination and its 
reversal. The apparatus permitted direct and independent measurement of 
observing responses and hence a finer analysis of the course of reversal 
learning. The S-controlled observing responses functioned to select a 
single stimulus value from the relevant or irrelevant dimension to which S 
then made an instrumental response. Discrimination learning required 
acquisition of both the correct observing and instrumental responses. Upon 
attaining criterion on the original discriminaton, half of the Ss were reversed 
immediately, while the remaining half received 25 overtraining trials and then 
reversal training. Overtraining facilitated reversal learning and, moreover, 
did so in a manner that confirmed predictions from attentional models of 
discriminative learning; overtraining, despite producing a small increment in 
perseverative errors, decreased the number of midreversal errors by reducing 


the number of observing responses to the irrelevant dimension. 


Many studies with both animals and young 
Children have found that discrimination re- 
versal learning is facilitated by overtraining 
9n the original discrimination (for reviews 
of this literature see Eimas, in press; Mack- 
intosh, 1965; Wolff, 1967). Although the 
Overtraining reversal effect (ORE) has by 
no means occurred in all studies, it has gen- 
erally been obtained in animals with difficult 

iscriminations and at times with easy dis- 
criminations when large rewards were used. 
Similarly, in children the ORE has occurred 
Most frequently with difficult discriminations. 

A variety of possible mechanisms has been 
Offered in attempts to explain the ORE. 
For example, Reid (1953) hypothesized that 
©vertraining increases the probability of an 
Organism developing a general “response 
of discriminating.” D’Amato and Jagoda 
(1961) related the effect to a diminution of 
avoidance tendencies to the negative stim- 
ulus, which was assumed to occur during 
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overtraining. Capaldi and Stevenson (1957) 
suggested that overtraining increases the dis- 
criminability of the situational change that 
occurs when the reinforcement contingencies 
are suddenly reversed. Finally, several 
theorists (Lovejoy, 1966; Sutherland, 1964 ; 
Zeaman & House, 1963) have assumed that 
overtraining strengthens attention to the 
relevant dimension and in this manner facili- 
tates reversal learning. 

With specific regard to the latter mecha- 
nism, attentional models assume that dis- 
criminative learning requires the acquisition 
of a chain of two responses. The first is an 
attentional response to the relevant dimen- 
sion and the second is an instrumental re- 
sponse of choice to one of the outputs of 
the attentional response: the positive stim- 
ulus value. A further assumption is that 
both responses may, under appropriate con- 
ditions, transfer across problems. Thus in 
a reversal shift, particularly when there is 
no change in the stimulus arrangements, 
positive transfer of the attentional response 
and negative transfer of the instrumental re- 
sponse would occur. In the mathematical 
explication of these models (Lovejoy, 1966; 
Zeaman & House, 1963), it has been dem- 
onstrated that with a difficult original dis. 
crimination, the probability of the correct 
instrumental response more closely approxi- 
mates unity at criterion than does the atten. 
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i se. Hence, overtraining is ex- 
aed io Dedi a relatively large increment 
eom probability of making the correct at- 
tentional response as compared with the in- 
crement in the probability of making the 
correct instrumental response, From these 
assumptions, the prediction is for reversal 
learning after overtraining to be marked by 
a number of perseverative errors followed by 
acquisition of the new instrumental response. 
Without overtraining, reversal learning 
should be characterized by fewer persevera- 
tive errors, but by responses to irrelevant 
dimensions. The latter results from a fur- 
ther lowering of the probability of attending 
to the relevant dimension after several ex- 
tinction (error) trials and, consequently, an 
increase in the probability of attending to 
irrelevant dimensions. After these events, 
reacquisition of the relevant attentional re- 
sponse and acquisition of the new instru- 
mental response are Predicted to occur. 
Overtraining, in essence, is predicted to elim- 
inate or at least greatly reduce the period 
of responding to irrelevant dimensions, 
thereby facilitating reversal learning, 

In the past, attentional explanations of 
the ORE were never directly tested, in that 
measurement of observing behavior (and 
presumably attention) directly and inde- 
pendently of the instrumental response was 
not obtained. This deficiency was Corrected 
in the present study by use of an appar: 
that required Ss to press one of two obs 
ing response buttons that illuminated a si 
stimulus value along the chosen Or at- 
tended-to dimension. The Ss were then re- 
quired to make an instrumental response to 
the displayed stimulus value, The choice of 
dimensions was that of Ss, while the par- 
ticular stimulus value that Was displayed 
was randomly determined. In this manner, 
successful attainment of criteria] 


atus 
erv- 
ngle 


perform- 
ance demanded that Ss learn both an obsery- 
ing and instrumental response, Conse- 


uently, the course of discrimination r 
anns could be analyzed in fi 
than was previously possible, 


eversa] 
ner detail 


METHOD 
Subjects —The Ss were 40 third-grade children 
attending public school in Providence, Rhode 
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Island. They were randomly selected and as- 
signed to treatments. ; 
pee and stimuli—The apparatus consisted 
of two components: a stimulus and a dg 
panel. The stimulus panel was situated in pit 
upright position and contained four separate de 
adjacent display units Covered with one-way T 
rors. The individual display units were 14 X In 
and were located approximately at cye level. m 
the present study, only the two left-most units 1 o 
used. Directly below and attached at about a B 
angle was the response panel. Toward the od 
the response panel (ie, near the bottom o ob- 
stimulus Panel) was a row of four display or i- 
serving response buttons, cach of which was sits. 
tered with respect to one of the display un ji: 
When pressed, a button turned on a light illum 


1 l f isplay 
nating the stimulus in the corresponding harm 
cell until the trial was terminated. Only the 
left-most b 


Appr ozima “A 
H i n 
the display buttons were two v 
response buttons that were alignec emen 
the two end display buttons, Two reinforce onse 
lights were located 1 in. above the bottom resp! 


N instru" 
buttons and signaled the correctness of S’s ins 
mental response, The 


The stimuli w ticu- 
dimensions were 


t uttons were operative. 
3 in. below 
mental 


ere planometric patterns. 
color and form, with the par an 
lar values being red and green and circle sion 
Square. The stimulus values from each Dine n 
Were attached to White 5 X 8 in. cards and “was 
Spatially separated. That is, the color cue dow 
Positioned to Correspond with one display Mow: 
and the form cue with the second display pos o 
he color cues Were cut from Bourgess Cutoc rec 
and were large enough to completely fill the yere 
tangular display window. The form cues 


. . i a 
outline ink drawings approximately 1 in. display 
and drawn so as to be centered in the or" 
window, T 


here were four stimulus cards, 
Tesponding to the four possible combinatioj an 
stimulus values: (a) red in Display Unit Unit 
Square in Display Unit 2, (b) red in Display. play 
1 and circle in Display Unit 2, (c) green in Di (d) 
Dit 1 and square in Display Unit 2, an 


i q isplay 
Unit 2 ^" Display Unit 1 and circle in Dis? 
nit 2, 


d 
7! 
Procedure. Testing was done individually ons 
Was completed in 4 Single session. pn E 
Were provided detailing the operation of th task 
Paratus and the nature of the experimenta! | on 
nformed that he was ue the 
uminate and then which each 
response buttons went lis ap. 

In addition, operation of v nd 
demonstrated, stressing ope 
arious stimulus values could ct im 
*quences of correct and dicor. im 
‘sponse choices, The S was à play 


is) 
ormed th was to press only one 4 
utton per trial. of the 
To begin à trial, E first inserted one jd 
Stimulus Cards : 


into a slot on the back 
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Stimulus panel and signaled S with the word 
ready" that the trial was to begin. The S then 
Pressed one, and only one, display button. The 


Choice was solely that of S and presumably deter- 
mined by whether he wished to observe one of the 
Colors or one of the íorms. To facilitate this 
Choice, cach of the display buttons was labeled, in 
that directly above and below the display buttons 
Were examples of the stimulus values that could 
appear in the corresponding window. Thus for 
the color button, a green patch was placed above 
the button and a red patch below the button, while 
or the form button, an outline drawing of a square 
Was blaced above the button and a similar drawing 
of a circle was placed below the button. It is im- 
Portant to note that while this information did 
Rot inform § which stimulus would appear, it 
did eliminate the necessity of learning which 
button-window combination yielded color or form 
Cues, Upon pressing a display button, the stimulus 
Was illuminated and remained illuminated until ter- 
mination of the trial. The S then selected an in- 
Strumenta] response button, given the available 
Stimulus information. If S were correct, the rein- 
Orcement light went on directly over the button 
pressed, If he were incorrect, the light over 
"de. other response button went on. Thus on any 
EIE trial, only one stimulus value was seen to 
uch S was required to make a classification 
Fesponse, e.g., if red, push the left button or if 
Breen, push the right button. 
of Olor was relevant and form irrelevant for half 
wine Ss and conversely for the remaining Ss. 
Miu each of these groups, half of the Ss were 
inn to criterion (10/10 correct observing and 
We Tumental responses), while the remaining half 
trajo; trained to criterion and then received 25 over- 
i ining trials. Upon completion of the original 
Serimination, reversal training was begun with- 
Indication by E and continued until criterion 
attained, 
he e Order in which the individual stimuli along 
Was relevant and irrelevant dimensions appeared 
that Tandomly determined, with the restriction 
lé same stimulus could not appear more than 
"i po; Limes in a row. At the conclusion of the 
Ora d S was given either a package of charms 


Was 
thre 


Resutts AND DISCUSSION 


2 The Tesults are shown in Table 1. A 

rain; analysis of variance (Dimensions x 
On the © ) of instrumental errors to criterion 
liable” Initial discrimination revealed no re- 
ance Pain effects or interaction. Perform- 
Wag CUring overtraining was perfect ; there 
Tes not a single observing or instrumental 

nse error, 

” analysis of the total instrumental er- 


To 
Ts A . . 
9 criterion during reversal learning 
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TABLE 1 


MEAN ERRORS DURING ORIGINAL AND REVERSAL 
LEARNING AND MEAN IRRELEVANT OBSERVING 
RESPONSES DURING REVERSAL LEARNING 
AS A FUNCTION OF TRAINING 


CONDITIONS 
Item Criterion Overtraining 

Original learning 

TE 28.1 28.5 
Reversal learning 

TE 7.6 2.9 

PE 1.3 1.9 

MRE 6.3 1.0 

IOR 4.1 ES 


. Note.—Abbreviated: TE = total errors; PE = persevera- 
tive errors; MRE = midreversal errors; IOR = irrelevant ob- 
serving responses, 


revealed a significant ORE, F (1, 36) = 
17.5, p < .001. Neither the dimensions ef- 
fect nor the Dimensions X Training inter- 
action even approached statistical reliability. 
Furthermore, the manner in which over- 
training operated to facilitate reversal ac- 
quisition was in agreement with predictions 
from attentional models of discriminative 
learning. First, overtraining produced a 
small but reliable increment in the strength 
of the original instrumental response as evi- 
denced by the greater number of persever- 
ative errors that were made by the over- 
trained Ss, F (1, 36) = 48, p < .05. Sec- 
ond, overtraining significantly reduced the 
number of instrumental errors that occurred 
during the interval bounded by the end of 
the perseverative errors and the beginning 
of the criterial trials, the midreversal errors, 
F (1, 36) = 202, p < .001. One reason for 
the decrement in midreversal errors was that 
the overtrained Ss made virtually no irrele- 
vant observing responses. Of the 20 Ss who 
received overtraining, 17 made no irrelevant 
observing responses, 2 made one such re- 
sponse, and 1 5 made more than one irrele- 
vant observing response. The corresponding 
numbers for the nonovertrained Ss were 5, 
2, and 13 Ss. The two distributions were 
reliably different, x? (2) = 16.8, p « .001. 

Further confirmation of attentional models 
comes from the following analysis. After 
the initial perseverative errors, an S may do 
one of three things: (a) shift the observing 
response, (b) shift the instrumental response, 
but not begin the criterial trials, or (c) shift 
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the instrumental response and begin the cri- 
terial run. Table 2 shows the frequency of 
each event as a function of the original train- 
ing conditions. The effect of training was 
significant, x? (2) = 6.9, p « .05, and in the 
direction predicted by attentional models; 
i.e., after overtraining there were fewer ob- 
serving response shifts and more instru- 
mental response shifts that began the cri- 
terial run. 

Two final comments are in order: One 
concerns the competing explanations of the 
ORE;; the second concerns the relation be- 
tween the overt observing response, as mea- 
sured in the present study, and the theoretical 
construct of attention as a central selective 
process (Sutherland, 1964; Zeaman & 
House, 1963). With regard to the former, 
all three competing explanations mentioned 
previously are unable to account for two 
aspects of the data. First, there is the in- 
crement in perseverative errors after over- 
training. Certainly this is an unexpected 
event if overtraining functions to make the 
changed reinforcement contingencies more 
discriminable, or if overtraining produces a 
decrease in avoidance tendencies to the nega- 
tive stimulus, or if overtraining results in 
some general response of discrimination. 
These explanations require that an over- 
trained S shift his instrumental response 
more quickly after encountering nonreward. 


TABLE 2 


FREQUENCY WITH WHICH Ss AFTER THE INITIAL 
PERSEVERATIVE ERRORS SHIFTED THE OBSERVING 
Response (SOR), SHIFTED THE INSTRUMENTAL 
RESPONSE, BUT Dip Nor BEGIN THE CRITERIAL RUN 
(SIR), OR SHIFTED THE INSTRUMENTAL RESPONSE 
AND BEGAN THE CRITERIAL Run (SIRC) as A 
FUNCTION OF ORIGINAL TRAINING 


Item SOR SIR SIRC 
Criterion^ 8 5 4 
Overtraining 3 4 13 


a There were three Ss in this group who could not be cate- 
gorized because they made no perseverative errors, in that the 
initial response was correct although errors did occur before 
criterion was obtained. 
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Second, these explanations are unable to 
deal with the observing response data. At- 
tentional models, on the other hand, are ex- 
plicit in predicting these effects in addition 
to the others reported. 

With respect to the relation between ob- 
serving responses as defined by the present 
experimental situation and the theoretical 
construct of attention, it has been assumed 
that the former was a behavioral representa- 
tion of the latter. The fact that the observ- 
ing response behavior mirrored virtually per- 
fectly the expected functioning of attention 
lends strong support to this assumption. As 
a consequence, an easily measurable cor- 
relate of attention is available that may pro- 
vide a means for further examination of the 
role of this central selective process in à 
variety of problem-solving tasks. 
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Two parallel experiments 
conditioning following 0, 5, 

S and transfer to classical eyelid 
instrumental reinforcements that we 


investigated transfer to 
10, or 20 cl 


Co 
re 


response that resembled a classically ci 


of the CS. 


previously obtained. 
cation of the instrume 
that was recorded du 


1 


Amount of transfer to instrumental 
progressively increasing function of the number of 
reinforcements, and the instrumental acquisition curves 
Also, the conditioned (C) or vo 
ntal response (IR) form resembl 
ring pretransfer training. Trans 
to classical conditioning was not influenced by the n 
instrumental reinforcements, the classical acquisition ci 
and the response form in the transfer phase was not r 


form recorded in the pretransfer phase. 


Classical to instrumental training occurs 


number of pretraining classical reinforce e 3 
conditioning may be more dificult to 


from instrumental to classical 
demonstrate if it does occur. 


The two ex 


i eriments reported here inves- 
tigated P p 


in transfer to instrumental condition- 
i following varied numbers of classical re- 
ite ements and transfer to classical con- 
Steyr iS following varied numbers of in- 
mental reinforcement. . 
e relationship between classical and in- 
ental Conditioning is a matter of con- 
8 interest (see, e.g., Kimble, 1961). 
"S strategies that have been employed 
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instrumental eyelid 


assical reinforcements with the same 


nditioning following 0, 5, 10, or 20 


contingent on 
onditioned CR 


Ss emitting an eyelid 
upon the appearance 
conditioning was a 
pretransfer classical 
were similar to those 
luntary (V) classifi- 
ed the response form 
fer from instrumental 
umber of pretransfer 
urves were abnormal, 
elated to the response 
It is concluded that transfer from 
readily and is a function of the 
ments, but that a parallel transfer 


in attempting to establish th 
tween the consequences of these two basic 
reinforcing operations are concisely described 
by Tighe, Graves, and Riley (1968). Longer 
reviews outlining the complexity of the 
investigative program are given by Kimmel 
(1967) and Rescorla and Solomon (1967). 
To summarize experimental results briefly, it 
would appear that both smooth muscle and 
skeletal muscle responses can be condi- 
tioned by either classical or instrumental re- 
inforcement, but the possibility of the medi- 
ation of the recorded response by other re- 
sponses is never really resolved. Investi- 
gations of the similarity of functions yielded 
by the two kinds of learning (eg., delay of 
reinforcement) show many parallels between 
outcomes of classical and instrumental re. 
inforcement experiments, but there are some 
exceptions to these parallels (see Kimble, 
1961, Ch. 4). 

Transfer of conditioning of responses of 
the same effector system from instrumental 
to classical reinforcement or from classical 
to instrumental reinforcement would seem to 
be an attractive approach to add information 
on the more general problem of the relation. 


e relations be- 
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ship between the two learning processes. 
The extent to which the availability and 
stimulus control of a response that have been 
brought about by classical reinforcement will 
contribute to further conditioning to the 
same CS when the mode of reinforcement is 
changed from classical to instrumental and 
vice versa would appear to depend relatively 
directly on the relationship between the two 
learning processes and the identity of the re- 
sponses involved. Presumably, the more 
closely the processes and responses are 
functionally related, the greater should be 
the transfer. 

Positive transfer from classically condi- 
tioned responses to instrumentally condi- 
tioned responses has been reported fre- 
quently (e.g, DeBold, Miller, & Jensen, 
1965; Ellison & Konorski, 1965; Konorski, 
1967). Similarly, transfer of differential 
classical conditioning to differential instru- 
mental conditioning has been reported by 
Bower and Grusec (1964), Trapold (1966), 
and Trapold, Lawton, Dick, and Gross, 
1968). Transfer from instrumental rein- 
forcement to classical reinforcement seems, 
however, rarely or never to have been em- 
ployed. Although a complete parallel be- 
tween classical training and instrumental 
training procedures is impossible to achieve, 
the present two experiments were matched 
closely so as to give at least preliminary 
evidence on the question of the degree to 
which transfer of instrumental to classical 
training parallels that of transfer of classical 
to instrumental training. 

The eyelid response is especially well 
suited to this investigation for two reasons. 
First, the eyelid can be conditioned by classi- 
cal, instrumental avoidance, instrumental re- 
ward, and combinations of these methods 
(see, e.g., Hansche & Grant, 1965). Sec- 
ond, the latency and topography of the eye- 
lid response is well displayed on the record- 
ings, and although some debate on the matter 
persists (Goodrich, 1966), there is little 
question but that the voluntary (V) and 
conditioned (C) form of the eyelid CR 
(Spence & Taylor, 1951) can be objectively 
differentiated (Hartman & Ross, 1961). 
With the general experimental parameters 
used in our laboratory, instrumentally 
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trained Ss give predominantly the V form 
of the eyelid CR, and classically trained Ss 
split approximately evenly between V- and 
C-form responders if the Hartman-Ross re- 
sponse slope criterion is employed. It 
would, therefore, appear to be feasible to 
discover whether the transfer from one mode 
of reinforcement to another is such that the 
response form emitted by or elicited from S 
in the pretransfer phase is the same as the 
response form emitted or elicited from S in 
the posttransfer phase. Although not com- 
pletely definitive, this comparison should 
provide some evidence as to whether the re- 
sponse conditioned and made available in the 
pretransfer phase is the same response that 
continues to be emitted and conditioned dur- 
ing the posttransfer phase. 

Aside from evidence on the specific trans- 
fer between modes of reinforcement, the 
results of such experimentation should be 
more generally relevant to investigators in- 
terested in the Soviet psychology of volition, 
which depends in part on the notion that à 
classically conditioned response can readily 
come under control of verbal stimuli and 
thus be modified, more highly differentiated, 
and more subject to stimulus generalization 
through the second signaling or language 
system that would involve all of the inter- 
relations available in the language repertoire 
of S (see, eg., Luria, 1961). 


EXPERIMENT I 
"TRANSFER FROM CLASSICAL TO 
INSTRUMENTAL TRAINING 


Method 


Apparatus.—The apparatus and laboratory wert 
the same as that used by Fleming and Grant 
(1966) and Cerekwicki and Grant (1967). The 
S sat in an ophthalmological examination chair 1 
an inner soundproofed chamber and faced a rec 
tangular wooden enclosure painted flat white af 
illuminated to about 2 mL. At the back of m 
enclosure, approximately 120 cm. in front of 5s 
eyes, were two milk-glass disks, 10 cm. in diam" 
eter, whose centers were separated by 66 CH" 
Between the milk-glass disks was a 45 X 30 cn" 
Sround-glass screen that was not used in t Í 
experiment. The prestimulation illumination ° 
the disks was about .01 mL. The S wore a head- 
set carrying a microtorque potentiometer to n 
up the eyelid movement and a jet from which t" 
corneal puff could be delivered. 
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. The CS was always the simultaneous illumina- 
tion of the two Sround-glass disks to .08 mL. for 
a duration of 1 sec. The classical UCS, when 
given, was a 200-msec. corneal puff delivered 660 
msec. after CS onset. The puff intensity was 
regulated at 3 psi. The instrumental reinforce- 
ment, when given, was the same as that used by 
Cerekwicki and Grant (1967). It consisted of a 
0-msec, illumination of a green 73-w. lamp 
and the operation of a Veeder-Root counter. The 
Instrumental reinforcement was given 2 sec. after 
an instrumental response (IR), which was de- 
ined as a ]-mm. or greater eyelid closure occur- 
"ing 200-660 msec. after CS onset. Detection of 
the IR was arranged to be automatic by means of 
a Schmitt trigger and associated timing circuitry. 

For each S, the experiment was divided into 
two phases, a classical conditioning phase and an 
Instrumenta] conditioning phase. The Ss were 
MStructed to keep looking at the ground-glass 
disks at all times. Before the classical condition- 
mg phase of the experiment, Ss were read 
Standard neutral instructions, which asked them 
pot to aid or inhibit their natural eyelid responses. 
uring this phase of the experiment, Ss were 
divided into four groups who received, respec- 
tively, 0, 5, 10, or 20 classically reinforced pairings 
of the CS and the UCS. The intertrial interyal 
varied from 15 to 35 sec, averaging 25 sec. Upon 
completion of the first phase of the experiment, all 
tein cre instructed regarding the instrumental 
s forcement in the same fashion as those Ss 
employed in the experiments of Hansche and 

rant (1965), Fleming and Grant (1966), and 
ierekwicki and Grant (1967). They were told 
Jat their Object now was to make the green light 
but © on and the counter to count on cach trial, 
to they could not be told "what you have to do 
oy take the green light come on.” Then fol- 
for, ed 60 trials during which all IRs were rein- 

fed automatically. 

Ubjects.Thirty two men and 48 women stu- 
ment Served as Ss in the experiment. Assign- 
Conditet 20 Ss to each of the four experimental 
Wa Itions was random except that the sex ratio 

alanced, 


?Sults 


et TR was defined as any eyelid re- 
Soa of 1 mm. or greater magnitude 
the ring between 200 and 660 msec. after 
Marien set of the CS. The IRs were auto- 
u en recorded by the electronic pick-off 
ssp were later hand-checked from this 

Tlo/riter record. 
fro, Neral transfer effects.—Overall transfer 
is g Classica] to instrumental conditioning 
Aver °Wn in F ig. 1, where percentage of IRs 
IRs = trials, and total mean amplitude of 
us plotted as functions of the number 
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Fic. 1. Percentage Írequency of instrumenta. 
eyelid responses and their mean amplitudes dur. 
ing the transfer phase of Exp. I as a function 
of the number of pretransfer classically reinforced 
training trials. 


of pretransfer classical reinforcements. It 
is clear from the curves in Fig. 1 that classi- 
cal reinforcement transfers to the subse- 
quent instrumental training, because with 
increasing numbers oí classical reinforce- 
ments, both the number and amplitude of 
the IRs during the posttransfer phase in- 
crease. The data were analyzed by orthog- 
onal polynomials (Grant, 1956) using the 
arc-sine transformation for percentages. 
This analysis showed that the linear compo- 
nent of the trend was highly significant, F (1, 
76) —849, p « 005. The higher order 
components were not significant, indicating 
that the trend was primarily linear. A simi- 
lar analysis of the amplitude data gave sim- 
ilar results, the linear component being 
significant, F (1, 76) = 5.69, p< 05. 
Frequency and amplitude were significantly 
correlated, r (78) = .40, p < .001. 

The acquisition curves for the IRs are 
shown in Fig. 2. Here percentage of IRs 
is plotted for each successive 10-trial block, 
with the number of classical reinforcements 
in the pretransfer phase being the param- 
eter. The curves are approximately parallel 
negative exponential growth functions with 
no initial inflection. The absence of an ini- 
tial inflection for the zero-classical-reinforce- 
ment curve is especially curious, This is 
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Fic. 2. Acquisition of the instrumentally rein- 
forced eyelid response during the six successive 
10-trial blocks of the transfer phase of Exp. I. 
(The parameter is the number of pretransfer 
classically reinforced training trials.) 


true because an instrumental reinforcement 
and consequent increment in the acquisition 
of the instrumental response will supposedly 
occur only if a response is emitted. There- 
fore, when the initial emission rate of the 
response is low (e.g., 30% on the first 10- 
trial block of the group having received zero 
classical training trials), instrumental rein- 
forcement would occur sparingly and the 
initial rate of learning the instrumental re- 
sponse would be slow, whereas when the 
response emission rate is high (e.g., 60% on 
the first 10-trial block of the group having 
received 20 classical reinforcements or the 
second 10-trial block of the group having re- 
ceived 5 classical reinforcements), the learn- 
ing rate should be twice as rapid. In a 
group such as that having received zero 
classical reinforcements, there should then be 
an initial period of slow learning followed by 
more rapid learning as the response emis- 
sion rate increases, i.e., there should be an 
inflection in the learning curve. The curi- 
ous point is that this did not occur. If the 
data are plotted in terms of the number of 
IRs per 10-trial blocks divided by the num- 
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ber of IRs for the previous 10-trial block, it 
is clear that the early reinforcements have 
a greater effect on the increase in response 
rate than do the reinforcements later in the 
training. 

Analysis of the latency data indicated that 
the number of classical reinforcements in the 
pretransfer phase had little effect on the 
latency of the subsequent IRs, The curve 
was essentially flat. 

Response form in transfer—In Table 1, 
the number of Ss whose response forms could 
be classified as C or V is given for the 5-, 
10-, and 20-classical-reinforcement groups. 
Then in the body of the table, the average 
number of C-form and V-form IRs are 
given for the Cs and Vs of these groups. It 
is clear from Table 1 that the V form pre- 
dominated during instrumental conditioning. 
There is also a clear tendency for Ss giving 
the C form during classical training to give 
relatively more C-form IRs than Ss showing 
the V form of the eyelid CRs during classi- 
cal training. Furthermore, the more clas- 
sical training trials that were given, the 
stronger this tendency for C-form respond- 
ers to give C-form IRs. These trends in the 
data were borne out by the multiple chi- 
square analysis (Winer, 1962, pp. 631-632), 
but the chi-square analysis can only be sug- 
gestive because of violations of assumptions. 
The results do, however, indicate that Ss 
show some consistency in giving the same 
response form in both the classical and the 
instrumental phases of the experiment. 


TABLE 1 


MEAN NUMBER OF V- AND C-FonM IRs punING THE 
INSTRUMENTAL CONDITIONING PHASE FOR SS 
CLASSIFIED AS Cs AND VS DURING THE 
PRETRANSFER CLASSICAL TRAINING 
PHASE or Exp. I 


Response forms in 


Claesical phase N C-form IRs | V-form IRS 
ipai 

Group 5 

c 6 8.33 34.33 

M 4 14.75 30.25 
Group 10 

c 12 15.67 20.83 

M 6 5.00 49.17 
Group 20 

c 8 23.62 21.38 

V 8 3.33 50.25 


ee a FREE 
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EXPERIMENT II 
TRANSFER FROM INSTRUMENTAL TO 
CLASSICAL TRAINING 


Method 


Apparatus —The laboratory, apparatus, and 
stimulation procedures were exactly the same as 
in Exp. I, except that the light for the instru- 
mental reinforcement was white. 

P TOcedure.—In this experiment, an instrumental 
training Phase preceded the classical training 
Phase, After receiving the instrumental reinforce- 
ment instructions, three groups of Ss were 
trained until they received either 5, 10, or 20 
Instrumenta] reinforcements, respectively, contin- 
Sent on their emitting IRs to the CS. A maxi- 
mum of 60 training trials was given, and 13 Ss 
Who did not reach the criterion number of IRs 
™ 60 trials were discarded. The fourth group 
of Ss received either 5, 10, or 20 noncontingent 
astrumental reinforcements on a schedule corre- 
jbonding to that received by 6 Ss randomly se- 
ected from each of the three instrumental rein- 
nrcement groups. Thus the zero group did 
“ceive instrumental reinforcement, but it was not 
contingent on performing IRs. After the instru- 
mental phase of the experiment, all Ss were 
Riven 60 classical training trials, combining the 
ch With the UCS stimulation but with no 

ange in instructions. At this point in the ex- 
Periment, the instrumental reinforcing white light 
al Counter functions were terminated. Finally, 
S received 30 extinction trials with the CS 


alone, 

si Subjects... "he four groups of 18 Ss each con- 

ined Of 24 men and 48 women students from 
0 


ung] Ctory classes, Assignment was random 
addi Jt became necessary to balance for sex. In 
ition to Ss discarded for failure to obtain 
Mente? ecified number of instrumental reinforce- 
Cause Within 60 trials, 6 Ss were discarded be- 
as .of assorted mechanical difficulties, and one 
dup; Carded because he failed to give any UCRs 
E classical training. 


Results 


wen’sPonse form and transfer.—Records 
Useq „Cored according to the same criteria 
ing (P Exp. I. During instrumental train- 
tm, the mean numbers of nonreinforced in- 
for menta] trials were 11.5, 12.2, and 10.6 
tive, € S~, 10-, and 20-IR groups, respec- 
» indicative of the rapidity of learning. 
Ss in the 5-, 10-, and 20-IR groups 
€ classified as V- or C-form respond- 
"Ing instrumental training and subse- 
ra Teclassified during classical training 

Mg to the Hartman and Ross (1961) 
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TABLE 2 


RESPONSE FORM CLASSIFICATION OF SS DURING 
PRETRANSFER INSTRUMENTAL TRAINING AND 
DURING SUBSEQUENT CLASSICAL 
TRAINING IN Exp. II 


Classification during 


Classification dur- classical training 


ing instrumental Totals 
training 
c v 
V 13 32 45 
(15) (30) 
c 5 4 9 
(3) (6) 
Totals 18 36 54 


Note.—Expected frequencies are in parentheses. 


criterion. Table 2 shows the relationship 
between the V-C classification during in- 
strumental training and the V-C classifica- 
tion during classical training. Forty-five 
Ss were classified as V-form responders 
during instrumental training, and 36 Ss were 
classified as V-form responders during clas- 
sical training. Thirty-seven Ss had the 
same response form classification during 
both instrumental and classical training, 
while 17 Ss shifted form. An insignificant 
x? (1) =1.35 indicated that there was no 
significant tendency for the response form 
during instrumental training to correspond 
to the response form during classical train- 
ing, as the cell frequencies were quite ac- 
curately predicted by the marginals, 

General transfer effects—In Fig. 3 are 
plotted the percentages of CRs during clas- 
sical training as a function of the number of 
instrumental reinforcements in the pretrans- 
fer phase. These are plotted separately for 
the Vs and Cs during the classical acquisi- 
tion and extinction trials. It is apparent 
that in constrast to transfer from classical 
to instrumental training, there is here little 
evidence of progressively greater transfer 
from instrumental to classical conditioning 
as a function of the number of pretransfer in. 
strumental reinforcements, Analysis of 
variance on both acquisition and extinction 
measures gave insignificant Fs throughout 
for all independent variables, the largest F 
(1, 64) = 1.62. 

The acquisition curves for the different 
groups during classical training are plotted 
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Fic. 3. Percentage frequency of eyelid CRs 
during the acquisition and extinction trials of the 
transfer phase of Exp. II. (Data of C-form 
and V-form responders are plotted separately.) 


in Fig. 4. Percentages of CRs are plotted 
for successive 10-trial blocks in the upper 
panel for the Vs and in the lower panel for 
the Cs. The parameter is the number of 
contingent instrumental reinforcements in 
the pretransfer phase. It is clear that the 
Vs start with a high initial rate of respond- 
ing and show very little tendency to increase 
the percentage frequency of CRs during 
classical training. "The Cs also start with a 
relatively high rate of responding and show 
some acqusition trends. ^ The relatively 
high initial rates are probably accounted for 
by the fact that all Ss had initially been 
given the instrumental training instructions, 
and there were no changes in the instructions 
when the experiment shifted from the in- 
strumental training phase to the classical 
training phase. It is especially noteworthy 
that the  zero-instrumental-reinforcement 
group, which had received no contingent 
instrumental reinforcement, showed as good 
or better classical acquisition as those groups 
that had received instrumental pretraining. 
AIL of this indicates that the number of con- 
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tingent instrumental reinforcements had little 
effect on subsequent classical conditioning. 
When the percentages of CRs on the first 
10 trials of classical acquisition were plotted 
trial by trial, it appeared that the very high 
level of responding for both the Cs and the 
Vs who had 10 or 20 instrumental rein- 
forcements was quickly disrupted with the 
onset of classical training. With the slightly 
aversive classical UCS, the curves for the 
10- and 20-IR groups showed an initial drop 
after the first trial, which in the case of the 
C-form responders in the 20-IR groups went 
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Fic. 4. Acquisition curves during the six suc 
cessive 10-trial blocks of classical reinforcement 
during the transfer phase of Exp. II. (Data ° 
the V-form responders are given in the uppe“ 
panel; those of the C-form responders in the 
lower panel. The parameter is the numbef 
of instrumental reinforcements contingent on per 
formance of an eyelid response during the PI^ 
transfer phase of the experiment.) 


TRANSFER FROM INSTRUMENTAL TO CLASSICAL REINFORCEMENT 


all the way to zero CRs by the sixth trial. 
Thus it would appear that the transition from 
instrumental to classical training is a far 
different process than the transition from 
Classical to instrumental training. 


DISCUSSION 


The results of the two experiments appear to 
show an asymmetry in transfer between the 
two forms of reinforcement. The amount of 
Subsequent instrumental conditioning became 
progressively greater with greater numbers of 
classical reinforcements in the pretransfer 
Phase. The acquisition functions during in- 
Strumental training were similar to those found 
Previously and were ordered by the number of 
Pretransfer classical reinforcements. There 
Was also a clear tendency for the topography of 
the IRs in the transfer phase to be the same as 
the topography of the classical CRs that ap- 
Peared in the pretransfer phase when 10-20 
“'assical reinforcements had been given. In 
contrast, neither the C. nor the V-form re- 
SPonders during prior instrumental training 
Showed any tendency for the amount of subse- 
quent classical conditioning to be a function of 
© number of pretransfer instrumental rein- 
forcement. Only the C-form responders dur- 
$8 the classical training phase showed any- 


ming like the normally obtained increments in 
;<SPonse rate or learning curves during the 
a Strumenta] training phase (compare the upper 
a lower panels of Fig. 4). There was con- 
a erable initial transfer for both Cs and Vs as 
an made the transition from the instrumental 
"a © classical training phase. This, ot 
trains hardly be attributed to the instrumenta 
of La Der se, but more likely was a function 
gi, e Instrumental instructions because re 
try? *d noncontingent control Ss started in- 
Also ental training with a high response a 
V o, there was no evidence that Ss giving the 
Ment, forms of response in the prior instru- 
tein. conditioning tended to gire the wang 
fog; Se form in the subsequent classical c 
be ut implications of these findings appear to 
8 Pie Classical reinforcement. however it may 
te, makes some sort of eyelid response 
able for Subsequent instrumental reinforce- 
mend will enhance the effect of that subse- 
Clases Taining, It is quite likely that during 
l a training the conditioning process may 
Üonqi; Oh S to S, Aside from the classical 
‘ning that should occur in eyelid condi- 
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tioning, where a CS is followed by the cornea 
air puff, an anticipatory CR partially avoid: 
the aversive character of the UCS, so that some 
instrumental avoidance training may take place. 
Therefore, it would appear that the eyelid CR 
may be conditioned: (a) exclusively by classi- 
cal reinforcement; (b) initially by classical re- 
inforcement and subsequently by avoidance in- 
strumental reinforcement: or (c) initially emit- 
ted as an operant, it is then conditioned by 
avoidance training. Conceivably, the same S 
might become conditioned by a complex mix- 
ture of these processes, but the end result is 
that he has an eyelid response available to per- 
form during subsequent instrumental training 
so that the instrumental reinforcement becomes 
quickly effective in its own right. When, how- 
ever, the transition is made from initial instru- 
mental training to classical training, perhaps 
only those Ss who are, in effect, learning by 
instrumental avoidance during the subsequent 
classical training may benefit from the number 
of instrumental appetitive reinforcements in the 
pretransfer phase. 

Nevertheless, the failure of progressively in- 
creased number of instrumental reinforcements 
to progressively facilitate subsequent classical 
conditioning remains a puzzle. Other experi- 
ments on this problem appear not to have been 
done, and it is possible that other types of 
transition from instrumental to classical train- 
ing or the employment of other responses might 
give different results. For example, in Exp. II 
there was no change in the instrumental train- 
ing instructions before the classical training 
began. This meant, among other things, that 
the standard neutral classical training instruc- 
tions were not given, so that S may have had a 
relatively more active attitude during the classi- 
cal training than he would have had were he 
given neutral instructions at the transition. 
This could, of course, account for the relatively 
high initial levels during classical training 
found with all Vs and several groups of Cs, 

Three other features of the transition from 
classical to instrumental training may have been 
important. First, with the termination of in. 
strumental reinforcement, the white light and 
counter no longer operated, so that there may 
have been some extinction of the IR that would 
interfere with the classical conditioning. Sec- 
ond, the advent of the new aversive stimulus, 
the UCS, may have had a disturbing effect on 
S’s behavior. Either of these Processes should 
produce some initial reduction in eyelid re. 
sponding during the first 10 classical training 
trials, and this was indeed observed for Ss who 
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10 or 20 instrumental reinforcements 

ay lode phase. Any transfer un 
one reinforcing procedure to another is like y 
to be somewhat disruptive, and the particular 
form of the transition may greatly influence the 
course of subsequent transfer performance. The 
third, and possibly most important, source of 
asymmetry in transfer has to do with a differ- 
ence between classical and instrumental CR 
topography in relation to avoiding the aversive- 
ness of the air puff. In transfering from 
classical to instrumental reinforcement, the 
topography of the pretransfer classically condi- 
tioned response was of little import, because 
with the Schmitt trigger setting in the instru- 
mental phase, both large CRs and small CRs 
would receive instrumental reinforcement if 
they were emitted during the appropriate la- 
tency interval. With initial instrumental train- 
ing, however, many Ss learned a minimal, 
highly stereotyped CR that was quite ineffective 
in avoiding the puff during the subsequent 
classical training phase. Following 10-20 in- 
strumental reinforcements, such an abortive re- 
sponse may be difficult to alter or extinguish 
and may interfere with the classical condition- 
ing process. Thus the different response topog- 
raphies would favor transfer from classical to 
instrumental training and perhaps interfere 
with transfer from instrumental to classical 
training. 
The above considerations make clear that to 
draw a general conclusion that the amount of 
pretransfer instrumental training does not af- 
fect subsequent classical conditioning would be 


premature, 
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PROACTIVE INHIBITION AND UNDETECTED 
RETENTION INTERVAL REHEARSAL? 


JOHN P. HOUSTON 2 
University of California, Los Angeles 


The Ss learned either a single A-C list 


of the Ss in each of these conditions were told, foll 
The remaining halves y 
1 wk. All Ss were then contacted by mail and aske 


experiment was finished. 


materials. Significant proactive inhib 
expecting to return to the experimental 
believed the experiment to be finished. 
of retention interval rehearsal (RIR) 


It was suggested that PI is determined 


recall, but by unlearning associated with 


Significant proactive inhibition (PI) has 
Sen found with the modified-modified free 
recall (MMFR) test (Houston, 1967; Kop- 
Penal, 1963; Wipf & Webb, 1962). Ac- 
cording to the two-factor theory of forgetting, 
15 should not be the case. PI is presumed 
9 be determined by competition at the time 
9* recall and the MMFR test has been as- 
sumed to eliminate these kinds of competition 
» “cts. Hence, no PI should appear when 
this recall test is used. 
At least two explanations of this disparity 
ave appeared, First, the MMFR task may 
not be completely effective in eliminating 
Competition effects (Postman, Stark, & 
ii raser, 1968), Tf this proves to be the case, 
i Previous distinctions between unlearn- 
19% and competition (Barnes & Underwood, 
in 9 .»ecome tenuous. Second, something 
call, dition to competition at the time of re- 
K may contribute to obtained PI effects. 
un Pe (1968) suggested that the undetected 
th “arning of second-list associations during 
Tetention interval may be one such factor. 
unla tOn (1968) proposed that this kind of 
<2tning may be associated with uncon- 
A ed rehearsal occurring during the re- 
On interval, The undetected rehearsal 
o D materials during the retention interval 
i account for the loss of some of the 
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Half 
owing learning, that the 
were asked to return in 
d to recall the second-list 
ition (PI) appeared when Ss were 
setting. No PI appeared when Ss 
The Ss reporting greater degrees 
displayed greater amounts of PI. 
not by competition at the time of 
RIR. 


or successive A-B, A-C lists. 


second-list items and the maintenance of the 
first-list items over time. That is, first-list 
items which were strong enough to resist 
unlearning during the formal learning of the 
second list should be strong enough to resist 
whatever informal unlearning might tend to 
occur during the retention interval. On the 
other hand, the second-list items have not 
undergone any unlearning at the beginning 
of the retention interval. Thus they may be 
more susceptible to whatever unlearning 
events occur during the interval, 

The present experiment was concerned 
with the latter interpretation which implies 
that PI is determined by rehearsal and un- 
learning and not by competition. If PI is 
due to unlearning associated with undetected 
retention interval rehearsal (RIR), then a 
procedure which minimizes rehearsal during 
the retention interval might also reduce PI 
effects. Accordingly, one group of Ss in the 
experiment volunteered in the normal 
fashion. That is, they believed that 1 wk. 
after the original learning session they were 
to return to the experimental setting for a 
second session. A second group did not 
know they were going to be tested for recall 
after 1 wk. They were dismissed following 
the learning session and told that t 
ment was finished. All Ss were 
tacted by mail after 1 wk. They 
to complete and return by mail 
recall test sheet. The general pr 
that the groups which believed 
return after 1 wk. would rehear 


he experi- 
then con- 
were asked 
an enclosed 
ediction was 
they were to 
se more dur- 
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ing the week and would display greater PI 
effects on the recall test than groups which 
believed the experiment was finished. 


METHOD 


Subjects—The experiment involved a EA 
design, with half of the Ss learning successive A-B, 
A-C lists and the other half learning a single A-C 
list. Half of each of these groups was asked to 
return, while the remaining halves were dismissed. 
Each of the four conditions contained 24 Ss 
drawn from the psychology department S pool. 
The four conditions were unsystematically ar- 
ranged such that each occurred once in 24 successive 
blocks of Ss. The Ss were assigned to this ar- 
rangement as they appeared in the laboratory. 
During the course of the experiment, 32 Ss were 
replaced. Of these replacements, 22 were due to 
the fact that correct addresses could not be ob- 
tained following the learning session. Addresses 
were taken from university listings, which were in 
some cases either incomplete or out of date. The 
remaining replaced Ss failed to return their recall 
sheets. The numbers of replacements in the ex- 
perimental no-return, experimental return, control 
no-return, and control return conditions were 7, 8, 
8, and 9, respectively. 

Materials.—The materials in the present study 
were the A-B and A-C lists developed by Barnes 
and Underwood (1959). A detailed description 
of these CVC-adjective lists is contained in their 
article. One list always served as the A-B list, 
while the other always served as the A-C list. 
Two pairings of the stimulus and response mate- 
rials were developed and used equally frequently 
in each condition, Three unsystematic presentation 
orders were arranged and each was used equally 
frequently as the starting order, 

Procedure.—Al1l learning was conducted at a 
2:2-sec. presentation rate, with 4-sec. intertrial and 
45-sec. interlist intervals. A Stowe memory drum 
was employed. The Ss in the experimental, or 
two-list, conditions first learned an A.B list to a 
criterion of 1 perfect trial. All Ss then learned 
the A-C list for 15 anticipation trials. Following 
learning, the return Ss were dismissed, with the 
understanding that they were to return in 1 wk. 
The no-return Ss were led to believe that the ex- 
periment was finished and were dismissed. Five 
days after the learning session, all Ss were mailed 
recall forms. The stimulus materials were listed 
in a new random order on these forms. The Ss 
were asked to recall the responses and record them 
in the appropriate spaces. In addition, a ques- 
tionnaire concerning S's activities during the week 
was included. The Ss were asked to return their 
completed forms in an enclosed, self-addressed 
envelope. 
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RESULTS 


The mean numbers of trials required by 

the experimental return (R) and experi- 
mental no-return (NR) groups to reach cri- 
terion on the first list were 9.20 and 9.08, 
respectively, ! < 1. The four conditions did 
not differ in terms of mean numbers of cor- 
rect second-list learning responses, Fs (1, 
92) « 3.83. The mean retention intervals, 
based on the times Ss recorded in connection 
with their recall tests, were 7.37, 7.90, 7.83, 
and 7.54 days for the experimental NR, ex- 
perimental R, control NR, and control R 
groups, respectively. These means did not 
differ significantly, Fs (1,92) < 2.57. Each 
S was asked to record the time he began and 
the time he finished the recall test. The 
mean numbers of minutes used by the expert 
mental NR, experimental R, control M 
and control R groups were 13.29, 15.2 ' 
12.37, and 10.58, respectively. These means 
did not differ significantly, Fs < 2.05. 
Ss reported finishing the recall test in D 
session. These results suggest that the mal : 
ing technique was quite successful in pr 
ducing uniform recall tests. 

The mean numbers of second-list items 1è- 
called correctly were 4.50, 4.21, 3.38, an 
5.33 for the experimental NR, control NRE, 
experimental R, and control R conditions, 
respectively. The NR-R main effect w@ 
not significant, F < 1. Recall in the contro” 
conditions was significantly greater than im 
call in the experimental conditions (o 
tailed test), F (1,92) = 3.28, p < .05. Mors 
important, the interaction was significant, : 
(1, 92) = 5.98, p < 05. These results sug 
gest that significant PI appeared in the ie 
conditions, but that none appeared in t 
NR situation. Subsequent ¢ tests reves" 
that the control and experimental R gum, 
did differ, £ (46) = 7.50, p < .01, while th 
control and experimental NR groups did 1° 
differ, t « 1, . 

The mean numbers of A-B responses m 
called correctly by the experimental R P 
experimental NR groups were 3.00 and 2. 2 
respectively. Although not significant ne 
1.46), this difference is in line with pn 
notion that more rehearsal of the A-B ass0 
ciations should occur in the return conditio" 
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The lack of a significant difference could be 
related to the suggestion that the A-B as- 
Sociations which remain following A-C learn- 
ing are quite strong. It may have been be- 
cause of this kind of ceiling effect that in- 
formal practice of these associations during 
the retention interval did not result in an 
increase in recall performance. 

The questionnaire data indicated that 43 
of the 48 Ss in the R conditions felt, prior 
to the receipt of the questionnaire, that they 
Would be asked to recall the materials upon 
returning to the laboratory setting. Only 5 
of the NR Ss indicated that they felt they 
Would be asked to recall the materials at 
Some time, Seven R Ss and 3 NR Ss ad- 
mitted writing some of the materials down 
during the retention interval. 

One of the questions asked how many of 
the items $ had thought of or rehearsed dur- 
ng the interval. Another item asked how 
Often S had thought of these items. The 
Product of these two estimates provides a 
very rough index of the number of item re- 
Xarsals accomplished by each S. The mean 
numbers of estimated rehearsals for the ex- 
Perimental NR, control NR, experimental R, 
and control R groups were 6.37, 6.20, 9.83, 
and 10.38, respectively. Although these 
Means did not differ significantly, F = 2.36, 

E R conditions did produce more rehearsals 
van the NR situation. 

Another way to look at the relationship 
€ ween interference effects and retention in- 
rval rehearsal is to split Ss into high- and 
OW-rehearsal groups and then compare the 
APOUunts of PI obtained in these categories. 
“cordingly, Ss with rehearsal scores of 10 
and above were included in a high-rehearsal 
Category while Ss with unit rehearsal scores 
Š constituted a low-rehearsal category. 
e. Mean second-list recall scores of the ex- 
perimental and control high-rehearsal Ss 
ig^ 4.15 and 5.70, respectively, £ (21) a 
th 9, p< .05. The mean recall values in 
2" Corresponding low-rehearsal groups were 
as, nd 4.20, #< 1. These means are in 
tio, ment with the assumption that reten- 
te, Dterval rehearsal is associated with 
hitter interference effects. The loss in the 

“Tehearsal conditions was 1.55 items, 


while the loss in the low-rehearsal situation 
was .3 items. 


Discussion 


The principal findings of the present study 
were that significant PI appeared in the R situ- 
ation, but that none occurred in the NR condi- 
tion. PI seems to be related to S's perception 
of future events. Significant PI occurred when 
Ss felt that there was a good possibility that 
they would be tested for recall, When Ss were 
convinced that the experiment was over and 
that they would not be tested for recall, no PI 
appeared. 

There are, of course, a number of ways to 
explain these findings. For example, if one 
wished to maintain the traditional interpretation 
of PI based on the notions of spontaneous re- 
covery and competition at the time of recall, 
one might argue as follows. First, spontaneous 
recovery may be related to the strength of S's 
suspicion concerning the likelihood of an en- 
suing recall test. If this were true, more recov- 
ery would be expected in the R condition, 
Second, the MMFR test may not eliminate com- 
petition effects. Thus, more recovery and 
more competition would lead to greater PI in 
the R situation, There are several problems 
with this interpretation. First, it has often 
been difficult to demonstrate either spontaneous 
recovery or specific competition effects in these 
kinds of verbal situations. Second, the assump- 
tion of a direct relationship between recovery 
and subjective anticipation of a recall test 
seems to constitute an added complexity in an 
already overburdened explanatory system. 
Third, if it is assumed that the MMER task 
does not eliminate competition effects, then the 
concepts of unlearning and competition be. 
come, once again, isomorphic and inseparable. 

According to the alternative interpretation, 
PI occurs in the R condition because of an 
ongoing unlearning process which occurs dur- 
ing the retention interval. Weak items are 
unlearned in connection with the practice of 
corresponding other-list strong items. The 
present data offer some Support for this ex. 
planation, at least that segment of the expla- 
nation which argues that interference effects 
are related to RIR. First, Ss in the NR con- 
dition were not expecting a recall test and did 
not display a PI effect. The Ss in the R sit- 
uation were expecting a recall test and did 
demonstrate PI. Second, when Ss are broken 
down into high- and low-rehearsal groups, the 
high-rehearsal group reveals a significant PT 
effect, while the low-rehearsal Ss do not. 
Third, it is interesting to note that the control 
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R recall is better than the control NR recall, 
while the experimental R recall is poorer than 
the experimental NR recall. This suggests 
that in the control conditions, anticipation of 
an ensuing recall test helps to maintain or per- 
haps even strengthens the unopposed associa- 
tions. On the other hand, the same anticipation 
of an impending recall test in the experimental 
or interference conditions leads to a loss of 
items. The appealing conclusion here is that 
rehearsal normally occurs in our retention in- 
tervals, but that it leads to a relative improve- 
ment in control recall where no interfering as- 
sociations exist and to a decrement in experi- 
mental recall through the rehearsal of exist- 
ing interfering associations, 

The general position taken in the present 
paper, which suggests that PI may be the 
result of uncontrolled unlearning occurring 
during the retention interval rather than the 
result of competition at the time of recall, finds 
some support in a recent study reported by 
Ekstrand (1967). Ekstrand found that reten- 
tion intervals filled with sleep produced spon- 
taneous recovery of first-list associations and a 
decrement in PI. If PI is determined by 
competition, one would have expected increased 
PI in the Ekstrand study. But, quite to the 
contrary, he found sleep-filled 


the present study, 


In Summary, the data from the present ex- 
periment suggest that PI is related to S’s an. 
ticipation of an impending recall test, which, in 


reduces RIR, 
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turn, is related to amount of RIR. Although 
the data do not address this question directly, it 
may be that RIR results in the unlearning of 
weak second-list associations in the experi- 
mental conditions and to the maintenance of the 
associations in the unopposed control condi- 
tions. The exact nature of the unlearning 
mechanism remains unclear. 
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A category, a 
from observati 
series of n-heptanol. 
subjective range for a 
scales were stable and resembled pow 
to .259. Odor oiliness is similar to 
in exhibiting a direct relationship bet 
Oiliness does not appear to be prothe 
gestion that range size may account 
metatheticity. 


ons of 14 Os who 
Oiliness varied 


The difference in response range of dif- 
ferent Psychological attributes for different 
odorants is a relatively unexplored problem 
9f psychophysics (Engen, 1964). Results 
of direct estimation experiments indicate that 
the subjective intensity range for a diluted 
odorant is, typically, relatively small, but 
that the pleasantness range for a set of 
undiluted odorants may be quite large 
(Engen & McBurney, 1964). Much less is 
“own about the range of the oiliness at- 
tribute, either for varying concentrations of 

© same diluted odorant, the subject of this 
Paper, or for different undiluted odorants, 

Ore information about the psychophysics 
9f oiliness is needed, since there is some evi- 

“nee that smell adaptation may vary with 

© kind of odorant, possibly its oiliness. 
Engen (1964), e. has indicated that the 
Olliness of amyl acetate and of heptanal 
May have contributed to the differential 
adaptation effect that was found for these 

rants in direct scaling experiments of 
vor quality involving mixtures of the two 
(Engen, 1964). This indication, he has 
Suggested, may be related to the short fall- 
S Phase of the electrical potential change 
™ the frog's olfactory organ produced by 
my] acetate, contrasted with the longer 
b ase produced by oily odorants, as reported 
Y Ottoson (1956). 


E. Requests for reprints should be sent to Karl 
uijlShion, Business Administration - Economics 
€ 615, University of Texas, Austin, Texas 
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ratio estimation, and three magnitude scales w 
judged the oiliness of a ge 


fairly typical stimulus concentratio: 


€re constructed 
ometric dilution 
nd had a short 
n range. Ratio 


with concentration a 


er functions with exponents of .184 
odor intensity and odor pleasantness 
ween stimulus and 
tic; 


subjective ranges, 
results supported an earlier sug- 


for the mixed evidence concerning 


The main purpose of the present investi- 
gation was to find the range of response to 
oiliness for various concentrations of hep- 
tanol. This odorant is generally recognized 
to be quite oily and it is the standard for 
the oiliness attribute used in at least one 
matching-standards method for character- 
izing odor qualities (Schutz, 1964). To 
find a response range for heptanol, two 
different psychophysical functions were ob- 
tained, one by magnitude estimation and 
one by ratio estimation. Ratio estimation 
was employed as a control for magnitude 
estimation and as a way to examine internal 
consistency. The approach paralleled that 
of Engen and Lindstróm (1963), involving 
the ratio scaling of the odor intensity of 
amyl acetate. Another question considered 
was whether oiliness is prothetic or meta- 
thetic, and so a category scale was also 
constructed. 


METHOD 


Observers —Fourteen undergraduates 
four women, volunteered to serve with 
Os; none had participated in olfactory 
before, 

Odorants and apparatus.—The O 
saturated with a given concentra: 
chromatographic-grade heptanol 
less diethyl phthalate. 


» including 
out pay as 
experiments 


into the bottom of a small, alumi 
cork, big enough to be taken up 
the fingers. After each sniff, O 
with the attached Q-tip toa 10x 
test tube containing 1.5 cc, of the 
the test tube was stopped by the 


Dped 
Y with 
he cork 
(Pyrex) 

When 
bottom 


convenient] 
returned t 
75 mm, 

solution, 


cork, the 
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of the cotton tip was about 1.25 cm. above the 

surface of the solution. . e. 
There were seven different solutions, consisting 

of the following concentration series prepared by 


f a pipette: 1.562590, 3.125%, 6.25%, 
125%, 25%. 50%, and 100% heptanol. The L 


presented the test tubes containing these concen- 
trations singly to O on a plastic holder designed 
for each experimental condition. 

Procedure.—The experiments took place in an 
air-conditioned and ventilated room, where the 
temperature was maintained at about 25? C. There 
were five experimental conditions: Three of these 
required Os to make magnitude estimations with 
different standards, one to make ratio estimations, 
and one to make category ratings. The O was 
exposed to all conditions, each of which he received 
in a single l-hr. session, one condition per day 
over 5 days, in most cases consecutive days, and 
in a counterbalanced order. 

The O was instructed to consider just the oili- 
ness of the stimulus and to ignore all other at- 
tributes, like pleasantness or any other qualities, 
to judge each comparison stimulus independently 
of another, to sniff consistently, and to place the 
cotton at the same distance from his nose each 
time. 

The standard for a magnitude estimation con- 
dition was 3.125%, 12.5%, or 50% heptanol. The 
O was instructed to let 10 represent the oiliness of 
the standard, with which he was asked to become 
familiar. The E presented the seven comparison 
stimuli, including one with the same concentration 
as the standard, singly and in random sequence 
with five trials per stimulus. The O's task was 
to judge the oiliness of each by assigning a 
number to it proportionate on a ratio scale to the 
10 of the standard. He could refer to the standard 
as often as desired, provided that between sniffs 
there was at least a pause of 1 min. which was 
the minimal time interval required between any 
two sniffs in the experiment. Duplicate sets of 
comparison stimuli were used to reduce the pos- 
sibility of recognition of previously presented 
stimuli from accidental markings on corks or test 
tubes. 

In the ratio estimation condition, E presented 
each of the 21 pairs possible from the seven com- 
parison stimuli once, singly, and in irregular order. 
Half of the Os (every other one) began at one 
end of the order, and the other half at the other 
end. The O’s task was to sniff the left member 
of the pair first, then the right one, and to report 
which was the oilier and what percentage the less 
oily one was of the more oily one. Each con- 
centration solution appeared equally often on the 
left as on the right. g : - 

In the category estimation condition, there were 
two standards: O was instructed to denote the 
oiliness of the 1.5625% concentration p and 
that of the 10076 concentration as 5 ] ^ task 
was to assign to a giveti comparison stimulus E 
integer from 1 to 5 inclusive which reflected the 
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oiliness of the stimulus in relation to that of the 
two standards on an equal interval scale. As in 
each of the magnitude estimation conditions, there 
were 35 presentations oí the seven comparison 
stimuli, singly presented in random sequence an 
five trials each. The O could refer to the standards 
as often as desired. 


RESULTS 


For each magnitude estimation condition, 
geometric means were computed from the 
set of 70 magnitude estimates made for 
every stimulus concentration (14 Os, five 
trials per concentration). The results for 
the three conditions were combined by ad- 
justing the geometric means for the two 
conditions with the outer standards to those 
of the middle standard, i.e., the 12.5% one, 
and then by computing the geometric means, 
in turn, from the three proportionalizee 
scales (Engen & Lindstróm, 1963). This 
was done in order to get data for a e 
generalized function (Stevens, 1956), an 
the results are presented in the first column 
of Table 1. 

In the second column are scale values 
for the ratio estimation condition. Geo- 
metric means were first computed from on 
Set of 14 ratio estimates made for every 
stimulus pair (14 Os, 1 trial/pair) and were 
arrayed in a ratio matrix. In this form, m 
data were then analyzed by Ekman’s (195 à 
procedure and the resulting scale values de 
rived. These ratio estimation scale values 
were also proportionally adjusted to the g¢°° 


TABLE 1 


SCALE VALUES or THE OILINESS or HEPTANOL 
Bv THREE DIRECT METHODS 


Method 
Percentage of 

concentration Magnitude T Category 

estimations estimation» rating 

1.5625 4.73 53 1.99 

3.125 5.51 68 2.10 

6.25 6.57 93 2.19 

12.5 7.74 1.09 2.87 

25 8.97 1.29 3.10 

50 9.91 1.37 3.41 

100 10.56 1.59 3.89 


è Adjusted and combined. 
nadjusted. 
° Arithmetic means, 
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Log Magnitude 


Log Ratio 
Estimation 


LOG MAGNITUDE SCALE 
LOG RATIO 
ESTIMATION SCALE 


m 
oo 
a 


(0) 1.0 
LOG CONCENTRATION 


Fic. 1. Log adjusted ratio estimation scale and 
log combined magnitude estimation scale as func- 
tions of log concentrations oí heptanol. 


Metric means of the magnitude estimation 
Condition for the middle standard in order 
to compare the two kinds of scales. 

The comparison is shown in Fig. 1, where 
the log of the adjusted ratio estimation scale 
and the log of the combined magnitude esti- 
Tation scale are plotted as functions of the 
98 concentrations of heptanol. The com- 
bined magnitude estimation data fit a straight 
ne well (7? = .98), and an almost exact fit 
!5 prevented by the behavior of the geo- 
Metric mean at 100% concentration and to 
a lesser extent by that of the one at 50%. 
"he combined magnitude estimation data 
Conform to a power function with an ex- 
Ponent of .201; the power function property 
'S also evident in the case of the ratio esti- 
Mation data, which produced an exponent 
of 259, Again, a linear fit (7* = .96) 
Would have been almost exact had the pos- 
Sible transducing effect of the 5096 and 
i 76 stimulus concentrations been less. 
“Tom the standpoint of slopes, the two 
Scales compare favorably, although the ratio 
Stimation scale has a somewhat steeper 
Slope than does the combined magnitude 
tale, a result which was the other way 
around in the case of subjective intensity for 
Wl acetate (Engen & Lindström, 1963). 

ased on the combined magnitude scale, the 
i nge of odor oiliness for diluted heptanol 
quite short, For the particular largest 
anq Smallest stimuli selected in this investi- 
i lon, the largest sensation was only three 
Ss that of the smallest sensation. 
XPonents of .210, .207, and .184 were 


fo | 
"Md for the separate magnitude scales 
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whose standards were 3.125%, 12.5%, and 
50%, respectively ; good linear fits were ob- 
tained when the results were plotted for 
each scale separately (7?s of .96, 97, and 
-94, respectively). The exponents are alike 
to a degree that it is difficult to say much 
about the influence of the value of the 
standard on the slope of the function, al- 
though the fact that the exponents are in 
such a narrow range implies that the separ- 
ate functions are generally stable. 

Of the 21 pairs of the ratio estimation 
condition, there were 6 pairs where the 
heptanol concentrations of the two members 
of each pair were in a ratio of 2:1. Simi- 
larly, there were 5, 4, 3, 2, and 1 pairs 
where the stimulus concentration ratios were 
4, 8, 16, 32, and 64 to 1, respectively, or 
altogether a total of six different concen- 
tration ratios. Corresponding to these six 
ratios were the 21 subjective ratios of the 
previously mentioned matrix. These two 
sets of ratios were analyzed in a log-log 
regression plot, shown in Fig. 2. The re- 
sults indicate that the data are internally 
consistent generally, in that the least-squares 
line, to which the data were fitted (7? = 19), 
passes near the origin and gives an equation 
of R = 1.4S-%, 

Mean category ratings are presented in 
the last column of Table 1. 


Discussion 


Like odor intensity, but unlike odor pleasant- 
ness, the attribute of odor oiliness appears to 
have a short subjective range, if the results in 


o oo = 
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Fic. 2. Log subjective ratios as function of lo 
stimulus ratios of concentrations of heptanol 
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the case of diluted heptanol are any indication. 
In direct methods, it is inappropriate to gen- 
eralize much about the subjective range of a 
particular attribute within a modality when 
the range is expressed as a ratio of the largest 
to the smallest sensation, since the range de- 
pends on the selection of the largest and 
smallest stimuli. This difficulty is overcome 
somewhat, e.g. in comparisons of subjective 
ranges of attributes within the same modality 
when the stimulus concentration ranges are 
similar. Thus the oiliness range of heptanol 
is less than one-half the subjective intensity 
range that Engen and Lindstróm (1963) found 
for amyl acetate over exactly the same stim- 
ulus concentration range. But it is about 
one-fortieth of the hedonic range that Engen 
and McBurney (1964) found for a repre- 
sentative sample of 18 pleasant and unpleas- 
ant undiluted odorants, although comparability 
involving this attribute is not as appropriate 
for the reason stated previously. The com- 
parison is mentioned because the range dif- 
ference is very large. The pleasantness at- 
tribute for a diluted odorant varies with its 
concentration (Moncrieff, 1944); as it now 
appears, so does the oiliness attribute for di- 
luted heptanol. Although the range of oiliness 
may differ somewhat for other typically oily 
odorants, such as hexanol or octanol, one sus- 
pects that they may have subjective ranges of 
the same order of magnitude as that of hep- 
tanol over the same stimulus concentration 
range. 

Apparently O's sensitivity to oiliness differ- 
ences is not very uniform over the continuum, 
as indicated in Fig. 3, where the category scale 
is plotted as a function of the magnitude scale. 


CATEGORY SCALE 
o 
e 


4 5 6 r 8 9 io tl 
MAGNITUDE SCALE 


ion of combined 
. 3. Category scale as function o: 
d estimation scale (fitted by eye). 


KARL E. HENION 


4 

ul 5 

= 9a 

g o 

2 o 

23 

x o -Magnitude Scale 76 

9 © - Category Scale 2 

B z 
1.562 50 

q 

o2 3.125 = 
6.25 

O 12525 50 100 


% CONCENTRATION 


Fic. 4. Category and combined magnitude ar 
mation scales as functions of concentrations © 
heptanol (fitted by eye). 


This result suggests that the attribute may not 
constitute a metathetic continuum, although 
linearity is neither a sufficient nor even ? 
necessary condition for establishing the meta- 
thetic characteristic. However, the fact that the 
functional relationship between the category 
scale and the magnitude scale is not concave 
downward would tend to rule out oiliness di 
being prothetic (Stevens & Galanter, 1957) i 
additional evidence in support of this indication 
is presented in Fig. 4, where both scales are 
plotted as functions of stimulus concentrations 
in linear coordinates. Instead of the category 
scale’s being more concave downward than Us 
magnitude scale, which is another acceptable 
criterion for a prothetic continuum, it is jus 
the other way around. t 

To pursue the question further, suppose oe 
the physical correlates of the stimuli are nO 
known. Ekman and Künnapas (1963) have 
argued that category rating methods under this 
supposition are logarithmic transformations ° 
ratio methods. Such a plot is presented for 
the data in the present case in Fig. 5, where 
the category scale is plotted as a function O 
the log combined magnitude estimation scale 
and it is not linear. The curve in Fig. 5 ÍS 
concave upward, the same shape obtained 1 
a similar plot in the case of pleasantness ( Enge” 
& McBurney, 1964) where stimulus correlates 
were unknown. In both cases, the log of thé 
category scale actually resembles a linear func- 
tion of the log of the magnitude scale. 9 
already indicated, oiliness has a relatively sho it 
subjective range, and it was stimuli having 
short psychological ranges with which Ekma? 
and Künnapas worked. Engen and McBurney 
(1964) have suggested that the size of the sub- 
jective range may influence the shape of the 
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Fic. 5, Category scale as function of log combined 
magnitude estimation scale (fitted by eye). 


function when the two scale types are plotted 
against each other. If this is so, perhaps there 
1s significance in the two common results ob- 
tained for oiliness and pleasantness: (a) two 
different smell attributes having psychological 
Tanges whose sizes for this modality are prob- 
ably representative of extreme zones, viz. 
one extremely short and the other extremely 
ng, and (b) the two-scale plots for each 
attribute producing concave upward functions. 
It Would be helpful to know what the two- 
Scale plot looks like in the case of a smell 
attribute whose subjective range has a more 
Middle-sized value. ! 

The results of the present investigation sup- 
Port the suggestion of Engen and Lindstróm 
(1963) concerning the possible uniqueness of 
Olfaction: a direct relationship between effec- 
tive Stimulus range and subjective range and 
Not the usual inverse one as in other modalities. 

Or certain odorants this direct relationship 

as been exhibited by three odor attributes: in- 
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tensity (Engen & Lindstróm, 1963), pleasant- 
ness (Engen & McBurney, 1964), and now 
oiliness. 
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EFFECT OF VARYING CHANNEL CAPACITY ON 
STIMULUS DETECTION AND DISCRIMINATION? 


MARILYN C. SMITH ? 


University of Toronto 


A decrement in performance is typically found when Ss must attend to two 
concurrent stimuli. In order to determine whether this decrement is a 
function of the available processing capacity, the information associated with 
one of the tasks (key-press response to a visual stimulus) was manipulated by 
varying the number of S-R alternatives, 


concurrently presented auditory tones was then examined, 
detection procedures, under cach of the information conditions, 
detection and discrimination performance were poorer when th 
key-press response was required to the visual stimulus, 
tion task was found to be sensitive to the different in 
Results were interpreted to support the presence o; 


capacity processing mechanism. 


It has typically been found that there is a 
decrement in performance when attention 
must be paid to more than one stimulus. 
For example, if S is presented with two con- 
current stimuli, one auditory and one visual, 
his absolute judgments of the intensity of 
the stimuli are far poorer than his judgment 
about either stimulus presented alone (Lind- 
say, Cuddy, & Tulving, 1965; Tulving & 
Lindsay, 1967). As the interval between 
presentation of the two stimuli is increased, 
performance tends to improve (Kamlet, 
1965). Such experiments are generally in- 
terpreted to mean that a person cannot pay 
attention to two things at the same time and 
support the notion of a limited-capacity pro- 
cessing mechanism somewhere in the nervous 
system. 

However, such experiments do not make 
clear the precise location of such a limited- 
capacity mechanism. For example, the de- 
ficit may occur at a rather peripheral sensory 
stage such that whenever S is presented 
with two signals, he divides his attention 
equally between them, with the result that 


1 Support for this study was provided by Na. 
tional Research Council of Canada Grant APA 
191 and Defence Research Board of Canada Grant 
9401-38. The author wishes to thank Malcolm 
Grant for his assistance in running these experi- 
oo for reprints should be sent to Mari- 
lyn C. Smith, Department of Psychology, Univer- 
sity of Toronto, Toronto 5, Canada. 


Detection or discrimination of 
using signal 
While both 
e subsidiary 
only the discrimina- 
formation conditions. 
Í a central limited- 


neither is perceived as efficiently as when full 
attention is operative. An example of such 
a peripheral model is that suggested by 
Broadbent and Gregory (1963) and by 
Treisman (1960), which postulates the ae 
tenuation of sensory inputs under conditio? 
of multiple stimulation. On the other han t 
the limited-capacity channel might occur ^ 
a later decision stage where more detaile 
analysis is made of the information carrie 
by the stimulus. If this were the case, e 
the greater the information load of a ake 
stimulus, the more channel capacity it wou" à 
require, causing corresponding decreases " 
the capacity available for dealing with the 
second signal, f 
Previous studies examining the effects O 
double stimulation on stimulus identificatio" 
have kept the information content of bed 
two tasks constant, so that it was not possible 
to separate out these two possibilities. 
was the purpose of the present study to €*- 
amine stimulus identification of one sign? 
under conditions where the information co^ 
tent of a concurrently presented second sig” 
nal is systematically varied. If perform. 
ance deficits take place at a peripheral leve 
where a simple division of attention between 
the two signals occurs, then information 
Content of the stimuli should be unimportant. 
Owever, if the limited-capacity mechanis™ 
occurs at a later stage, where S must make ? 
decision about the stimuli, then increasing 
the difficulty of one task, thereby increasing 
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the required processing capacity, should re- 
sult in progressively worsening performance 
on the second task. 

In the present experiments, S was pre- 
sented with two concurrent stimuli. In 
order to avoid possible sensory interference 
effects, such as masking, stimuli were pre- 
sented in different modalities, one visual and 
one auditory. Similarly, to avoid any re- 
Sponse interference, a manual key-press 
response was required to one of the stimuli 
(visual), while either a detection (Exp. I) 
Or discrimination (Exp. II) judgment was 
required to the second stimulus (auditory). 
It was felt that the relatively more simple 
tasks of detection or discrimination of tones 
might be more sensitive to changes in attenu- 
ation, if this occurred, than a task requiring 
absolute judgments. 

Experiment I examined S's ability to de- 
tect a barely audible tone as a function of 
the difficulty of a manual reaction time (RT) 
task to a visual stimulus presented simul- 
taneously with the tone. Experiment II 
examined the influence of the RT task on 
ability to discriminate the loudness differ- 
ence of two tones of similar intensity levels. 
The amount of channel capacity required 
for the key-press response was systematically 
Varied by manipulating the number of pos- 
Sible S-R alternatives from which a given 
Tesponse was to be selected. 

Because difficulty of the visual RT task 
Could influence the criterion level which Ss 
Adopt in reporting their ability to detect or 

iscriminate between the tones, signal de- 

tection procedures were employed. The rat- 
ing method was used, and the confidence 
Judgments so obtained were used to plot 
Teceiver operating characteristic (ROC) 
Curves (Green & Swets, 1966). 


EXPERIMENT I 
Method 


Subjects. Eight Ss, all students at the Univer- 
Sity of Toronto, took part in Exp. I. They were 
Paid $1.50/hr for their services. Six of the Ss 
attended three l-hr. sessions, while the remaining 
two attended six 1-hr. sessions. 

Apparaius—The apparatus consisted of two 
consoles, one for S and one for E, separated by 
a partition which occluded any visual interaction. 

he S's console permitted the presentation of both 
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visual and auditory stimuli. The visual stimulus, 
which consisted of either the number 1 or 2 pre- 
sented on either a red or green background, was 
presented via an in-line readout device. The 
auditory stimulus, a 1,000-cps tone, was presented 
binaurally through a pair of earphones. White 
noise could also be presented through the ear- 
phones. A small neon bulb, situated 23 in. above 
the stimulus window, served as a warning signal, 
Four push buttons, situated on S’s console just 
below the stimulus window, were used for measur- 
ing RT. 

The E's console contained a row of buttons 
for selecting the visual stimulus on each trial and 
a set of calibrated attenuators for varying the in- 
tensity of the tone. An auditory control switch 
allowed E to select either noise alone or noise 
plus tone on any given trial. RT was measured 
to the nearest .01 sec. by a Cramer clock situated 
in E's console. Whenever S pressed a given key, 
it caused a corresponding key to light up on E's 
console, thereby informing E whether a correct 
response had been made. 

The tone was produced by a Hewlett-Packard 
Model 200 CD wide-range oscillator. The back- 
ground noise, which had a range of 20 kc., was 
produced by a General Radio Model 1390-B ran- 
dom noise generator. 

Procedure.—The S's ability to detect a barely 
audible tone was examined as a function of the 
difficulty of a key-press response required to a 
visual stimulus presented simultaneously with the 
tone. The intensity of the tone to be employed 
was determined for each S at the beginning of 
every session by using the parametric estimation 
by sequential testing (PEST) method described 
by Taylor and Creelman (1967). Briefly, this 
method involved presenting S with a series of 
two consecutive observation periods marked by 
the onset of a light in the stimulus window. The 
S was presented with white noise continuously 
through a pair of earphones and a 1,000-cps 
tone during either the first or second observation 
period. His task was to decide which of the two 
observation periods contained the tone and to 
signal his decision by pressing one of two keys 
on the panel before him. An arbitrary tone in- 
tensity level was modified by successive steps down- 
ward when the number of correct responses fell on 
or above the maximum defined by PEST for a 
given number of trials and upward when the num- 
ber correct fell on or below the minimum. The 
size of each step depended on the size and direction 
of previous steps and decreased as the test level 
converged on the target level, a tone intensity 
level yielding p (correct) —.75. The run ter- 
minated when a step of .5 db. was called for 
The upper and lower limits on correct responses 
for a giren — of trials were determined 
using a deviation constant of W = a 
Creelman, 1967). $5 (Baylor & 

Each S's ability to detect the tone w 


} as tested 
on 3 consecutive days under each of tl 


ree con- 
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ditions: detection alone, detection plus simultane- 
ous two-choice RT task, and detection plus simul- 
taneous four-choice RT task. Order of presenta- 
tion of conditions was randomized. In all 
conditions, the intensity of the tone employed was 
that which gave a 7596 correct detection rate as 
determined at the beginning of each session using 
the PEST technique. 


1. Detection alone. On each of 40 trials, S 
was presented with a l-sec. warning signal, fol- 
lowed after a 1-sec. foreperiod by a .5-sec. ob- 
servation period. The duration of the observa- 
tion period was marked by a light in the stimulus 
window. On half of the trials, noise plus a 
1,000-cps tone was presented during the obser- 
vation period; white noise alone was presented 
during the remaining 20 trials; Order of presen- 
tation of the tone was randomized. Following 
each observation period, S recorded his decision 
as to the presence of the tone, together with his 
degree of certainty, by circling the appropriate 
response on an accompanying rating scale. A 
six-point rating scale was employed: (1) yes, 
very sure; (2) yes; (3) yes, uncertain; (4) no, 
uncertain; (5) no; (6) no, very sure. After 
making his decision, S' pressed a key, indicating 
he was ready for the next trial. 

2. Detection plus two-choice RT task. This 
condition was similar to the detection-alone condi- 
tion, except that here the visual stimulus marking 


the observation period was the stimulus to which 
S was instructed to 


This stimulus was e 
randomly presented, 


In order to obtain a control measure of the two- 
choice RT to the visual stimulus presented singly, 
24 RT measures were taken to the visual stimulus 
alone—12 prior to and 12 following the 40 ex- 
perimental trials. 

3. Detection plus four-choice RT task. 
condition resembled Cond. 2, except that a 
choice condensation task (Posner, 
the two-choice conservation task. 
task has been shown to be more difficult than a 
conservation task (Posner, 1964) and was there- 
fore assumed to require more channel capacity, 
The visual stimulus marking the observation 
period was selected from a sample of four, either 
a 1 or 2, each of which could appear on either a 
red or green background. Each of the four 
stimuli (red 1, red 2, green 1, or green 2) was 
presented 10 times, with a tone accompanying the 
ontinuous white noise on 5 of these occasions. 
The S was instructed to press one key if either 
a red 1 or a green 2 was presented and an 


This 
four- 
1964) replaced 
A condensation 
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adjacent key if either a green 1 or a red 2 oc- 
curred. The S reacted as quickly as possible to 
these visual stimuli and then recorded his decision 
regarding the presence or absence of the tone 
on the six-point scale, 


Once again, 12 control RT measures to the 
visual stimuli presented alone were taken before 
and after the double-stimulation trials. 

In order to determine whether increased prac- 
tice would influence the outcome of the experi- 
ment, two of the Ss were run for an additional 3 
days, receiving a different random ordering of 
the three conditions on each day. 


Results 


The results of the two Ss who participated 
in the experiment for an additional 3 days 
did not differ from the results found for the 
first 3 days or from those observed for the 
other Ss. Consequently, only the data from 
the first 3 days were included in the analysis. 

Detection.—The confidence judgment 
method was used to obtain ROC curves for 
the eight Ss in the manner described by 
Green and Swets (1966). These curves are 
shown in Fig. 1. It can be seen that S'S 
ability to detect a tone is superior when he 
is not required to make a manual response 
Selection to a visual stimulus presente 
simultaneously with the tone. However: 
given that there is a decrement in perform- 
ance as a result of the subsidiary task, the 
difficulty of this subsidiary task does not 
appear to influence detectability since detec- 
tion performance is similar for both 
tasks. 

In order to test the significance of the 
observed differences between conditions, à 
value for each condition, pooled over the 3 
days, was obtained for each S. This was 
done by plotting individual ROC curves on 
normal-normal paper for each condition an 
taking d' as the point of intersection of the 
operating characteristic with the negative 
diagonal (Wickelgren, 1966). In this man- 
uen a d' value was obtained for each condi- 
tion for each of the eight Ss, as shown 1 
Table 1. An analysis of variance showe 
that the difference between conditions was 
Significant at the 01 level, F (2, 14) = 6.59. 
To determine which conditions were signifi- 
cantly different from one another, a Duncan 
new multiple-range test was done. This 
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ANo subsidiary task 
m Subsidiary 2- choice RT task 
e Subsidiary 4-choice RT task 


000 IO .20 .30.40 50 .60 70 .80 .90 1.00 
P(Y/N) 


Fie, 1, 


eight Ss.) 


test indicated that the detection of the tone 
Presented alone was significantly different 
(^ < 01) from detection with either of the 
Subsidiary tasks. However, there was no 
Significant difference in performance as a 
function of the difficulty of this subsidiary 
task, 
, Tt is also possible to get an approximate 
idea of the reliability of the difference be- 
tween two operating characteristics by ap- 
Plying the Kolmogorov-Smirnov two-sample 
test to the correct detection rates at equal 
alse-alarm rates. Using this test, similar 
Tesults were found. - 
Reaction times—A second indication of 
the degree of overlap of channel capacity re- 
Wired for the two tasks is provided by an 
€xamination of RTs to the visual stimuli 
When there is no additional task (control 
measures) and when detection of the tone is 
required, Mean two-choice RT for the eight 
S was found to increase from 624 msec. to 
Msec., while mean four-choice RT in- 


ROC curves for detection of a 1,000-cps tone presented alone, accompanied by a two-choice 
Conservation task, or accompanied by a four-choice condensation task. 


(Each curve is the average of 


creased from 967 msec. to 1,169 msec. when 
the additional task of tone detection was re- 
quired. A sign test indicated that both 
these differences were highly significant. 
This increase, which averaged 250 msec., 
suggests a decrease in the available pro- 
cessing capacity for the manual key-press 
response as well as for the detection task, 


TABLE 1 


d' VALUES FOR DETECTION OF A 1,000.cps TONE 
AS A FUNCTION OF THE DIFFICULTY OF A 
SUBSIDIARY Krv-PnEss Task 


j Two-choi: " 

S No subsidiary PEET did ide 

task task 
_ ee 

1 75 .78 

2 66 E 22 

3 1.25 85 s 

4 .60 .82 A3 

5 1.23 18 24 

6 1.56 .70 1.36 

7 1.19 -70 06 

8 71 =,02 35 
Average .99 49 b 54 
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Discussion 


The finding that detection is poorer when a 
second concurrent stimulus must also be at- 
tended to provides further generality for the 
concept of decrement in performance under 
conditions of double stimulation previously 
found using more complex measures, such as 
absolute judgments (Tulving & Lindsay, 1967) 
or listening tasks (Broadbent & Gregory, 
1963). However, it is of interest to note that 
Ss’ ability to detect the tone was not influenced 
by the difficulty of the second task. One pos- 
sible explanation of this result is that the lim- 
ited-capacity mechanism occurs at a peripheral 
stage and is determined solely by the require- 
ment of dividing attention between the two 
signals. Once this division occurs, informa- 
tion content of the signals is unimportant. A 
second possibility, however, is that a decision 
about whether or not a tone was presented (i.e., 
detection) is relatively simple and requires 
little channel capacity. Hence, the slightly 
greater reduction in available channel capacity 
when a four-choice task is presented compared 
with a two-choice task is not sufficient to 
cause a significant difference in performance. 
This explanation would be in agreement with 
the finding of Kristofferson (1965) that no 
switch in attention from one modality to an- 
other is required for a detection task. How- 
ever, he has found that such a switch is neces- 
sary for a discrimination task, suggesting that 
greater processing capacity is required for dis- 
crimination than for detection. Experiment II 
was therefore done to examine the influence on 


a discrimination task of changes in available 
processing capacity. 


EXPERIMENT II 
Method 


Subjects.—Twelve Ss, chosen from the same 
pool as in Exp. I, participated in Exp. II. 


PAIR ONE 
1.0 


0.5 


0.5 


TIME IN 

SECONDS 

REFERENCE ISI COMPARISON 
TONE TONE 
Fic. 2. 


EVENT 


Procedure employed using PEST techn: 
75% auditory difference threshold. 
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Apparatus.—The same apparatus was employed 
as that used in Exp. I. . 

Procedure.—Each S attended two l-hr. sessions 
on consecutive days. At the beginning of each 
session, his 75% auditory difference threshold 
was determined, once again using the PEST 
technique, and the difference threshold so deter- 
mined used for that day. To find this threshold, 
Ss were presented with two consecutive pairs o 
1,000-cps tones, added to continuous white noise. 
On each trial, one of the two pairs contained tones 
of equal intensity, while in the other pair the 
second tone was slightly louder or softer than the 
first. The reference tone, presented first in each 
pair, had an intensity of 73.2 db. The S was 
instructed to press the left key if the tones Sa 
the first pair were different and the right key ! 
the tones in the second pair were different. Each 
tone was presented for .5 sec. The interval be- 
tween tones was 1 sec., and between pairs there 
was a 2-sec. pause. Hence, the events of a 
given trial are as indicated in Fig. 2. 

The S's ability to discriminate between the two 
tones was then examined under cach of the three 
conditions employed in Exp. I: discrimination 
alone, discrimination plus simultaneous two-choice 
RT task, and discrimination plus simultaneous 
four-choice RT task. Each S was given a di » 
ferent random ordering of the three conditions 
on 1 day and this order in reverse on the seconc 
day. Control RT measures to the visual stimulus 
Presented alone were taken at the beginning an¢ 
end of each of the two conditions, 

On each experimental trial, the reference tone 
Was presented with the warning signal for .5 sion 
followed after a 1-sec. interval by the concurren 
Presentation of the comparison tone and s 
visual stimulus for .5 sec. In Cond. 2 and 5» 
where a key-press response was required to the 
visual stimulus, S reacted as quickly as possible 
and then indicated on the six-point rating scale 
whether he thought the two tones were the same 
or different, together with his degree of confi- 
dence. In Cond. 1, no RT response was TC 
quired. For half of the Ss the comparison tone 
was louder than the reference tone on the first 


PAIR TWO 


2.0 LO 05 


0.5 


INTERVAL REFERENCE 
TONE 


ique to determine S's 


1S} COMPARISON 
TONE 
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1.00 
.90 


08 
yf 
k 


in 


M A 

Jj / ANo subsidiory task 

Fu m Subsidiory 2-choiceRT task 
e Subsidiary 4-choice RT task 


d 


o JO .20 .30.40 .50 60 770.80 .90 1.00 


P(Y/N) 


ROC curves for discrimination between two tones presented alone, accompanied by a two- 
Choice conservation task, or accompanied by a four-choice condensation task. 


Fic. 3. 
average of 12 Ss.) 


day and softer than the tone on the second day. 
"or the remaining Ss this was reversed. 


Results 


Discrimination.—ROC curves based on 
the confidence judgment ratings of the 12 
Ss are shown in Fig. 3. It can be seen that 
Ss are best able to discriminate between the 
tones when there is no subsidiary task re- 
quired. The decrement in performance 
Tesulting from the key-press response 1s 
Ereater for the four-choice condensation task 
than for the two-choice conservation task. 

As in Exp. I, to test the significance of 
these differences, an F test was done on the 
individua] d’ values for each condition. 

hese values are presented in Table 2. 

he observed differences between conditions 
Were found to be significant, F (2, 22) = 

59, p< 03. A Duncan new multiple- 
Tange test indicated that all conditions dif- 
ered significantly from one another, with the 
Exception of the difference between discrimi- 
"ation alone and the two-choice RT con- 
dition, Failure to find a significant differ- 
Ence here seems due primarily to $4, who 


(Each curve is the 


discriminated between the tones worst when 
there was no subsidiary task. 

Reaction times.—Two-choice RT was 
found to increase from 749 msec. to 1,131 
msec., while four-choice RT increased from 
1,098 msec. to 1,537 msec. when the discrim- 
ination task was introduced. This represents 


TABLE 2 


d' VALUES FOR LOUDNESS DISCRIMINATION OF Two 
1,000-cPs TONES AS A FUNCTION OF THE DIFFI- 
CULTY OF A SUBSIDIARY KEY-PRESS TASK 


a ta}, Two-choi: "d ice 

5 | No subsidiary | Zwerctoice | Fourchoice 
task task 
1 84 36 .68 
2 1.18 1.42 1.05 
3 1.92 1.68 .65 
4 .60 1.60 .83 
5 2.12 1.51 .96 
6 16 .80 .38 
7 1.38 .55 49 
: * .05 .66 
a 25 —ÀL3 
10 1.43 1.35 1.19 
11 2.17 EI -18 
12 2 .90 1.10 
Average 1.21 1.02 Eo 


526 


ean increase of approximately 400 msec. 
pee test on the RT data showed that the 
two differences were highly significant. 


Discussion 


The results of the present experiment suggest 
that when S must attend to two concurrently 
presented stimuli, the division of attention is 
determined by the information. content of the 
signals. Thus as the information load of one 
of the signals is increased, the capacity avail- 
able for dealing with the second signal declines, 
resulting in progressively worsening perform- 
ance. This finding indicates that the limited- 
capacity mechanism required to process the two 
messages is quite centrally located. 

Similar results have been reported using a 
psychological refractory period paradigm, where 
S is required to react to two stimuli in rapid 
succession (Karlin & Kestenbaum, 1968; Smith, 
1969). In these studies it was found that 
RT to the second signal, whose information was 
held constant, tended to increase as the infor- 
mation associated with the first signal was in- 
creased. Taking the results of the two studies 
together, it appears that the limited-capacity 
mechanism probably occurs at a rather central 
Stage, where the information carried by the 
particular stimuli is analyzed. Further evidence 
for a central information processor is provided 
by the work of Posner (1966), who has found 

increasing decrements in memory as the ca- 
pacity available for rehearsal is decreased. 

One apparently contradictory finding has 
been reported by Blake and Fox (1969), who 
recently reported that there was no decrement 
in visual form recognition threshold following 
a manual key-press response. However, in 
their study, a simple, rather than a choice, RT 
response was required to the first signal (re- 
leasing a key to the onset of an auditory tone), 
and it is possible that this task did not employ 
a sufficiently large amount of the channel ca- 
pacity to interfere with the second task. Smith 
(1967) has found that the Psychological refrac. 
tory period phenomenon does not occur with 
tasks of high S-R compatibility. 

Finally, it might be argued that the worsen- 
ing performance in the discrimination task is 
dds to the fact that as the RT task becomes 
pede difficult, thereby taking a longer period of 
i S must wait for increasing periods before 
A his decision, thereby allowing increased 
BING: of the memory trace. However, the 
hiding in RT found under the double-stimula- 

dm situation suggests that S is not merely 
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holding the auditory signal in store, but ki 
actively processing it while making his mam 
response selection. This is further supporte 
by the relatively greater increase in RT in- 
duced by the discrimination task (400 Hc 
over that resulting from the detection task (25 
msec.). 
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DIFFERENTIAL CUE HABIT STRENGTH AS 
A DETERMINANT OF ATTENTION: 


JOSEPH C. CAMPIONE? ann CATHERINE WENTWORTH 


University of Washington 


An experiment was conducted testing the hypothesis that attention to a 
dimension in a discrimination learning task is partly determined by the 
differential habit strengths of the cues along that dimension. The Ss (64 
second-grade children) solved an initial discrimination problem and then 
were given an extradimensional (ED) shift. On Problem 3, half of the Ss 
were given an intradimensional (ID) shift, and remaining Ss, an ED shift to 
the dimension relevant on Problem 1. Within each group, for half of the Ss, 
the cues employed on Problem 1 were reintroduced, whereas for the 
remainder, entirely new cues were introduced, yielding a 2 (Shift) X 2 (Cues) 
factorial design. The differences predicted from the differential cue habit 
strength assumption were obtained. The results are discussed in terms of 


a number of attention theories of discriminative learning. 


Theorists interested in discrimination 
learning have come to rely heavily on the 
Concept of selective attention, with various 
Versions of attention theories having been 
Proposed by Atkinson (1958), Sutherland 
(1959), Kendler and Kendler (1962), Zea- 
man and House (1963), Lovejoy (1968), 
and Trabasso and Bower (1968). Basically, 
it is assumed that the solution of a two- 
Choice discrimination problem requires a 
Chain of two responses: attending to the 
relevant dimension and making the appropri- 
ate choice, or instrumental, response. Con- 
Current with the rise of attention as a 
theoretical construct has been an increase in 
the research devoted to identifying its con- 
trolling variables. 

The variable which has been most fre- 
quently investigated is prior learning, with 
‘ts effect being illustrated by the greater 
Sase of solving intradimensional (ID) shifts 
aS compared with extradimensional (ED) 
Shifts (Campione, Hyman, & Zeaman, 1965; 

ickerson, 1966). In the case of an ID 
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shift, the same dimension is relevant on both 
the training and transfer problems, whereas 
for an ED shift, the relevant cues of the 
shift problem lie along a different dimension 
from those of the training problem. Other 
variables which have been identified as de- 
termining attention include dimensional pref- 
erences (Heal, Bransky, & Mankinen, 1966; 
Smiley & Weir, 1966), the physical differ- 
ence between the cues along the dimension 
(Archer, 1962; Shepp & Zeaman, 1966), 
and novelty (Trabasso & Bower, 1968). 

The inclusion of these latter two variables 
indicates that Ss’ attention behavior is in- 
fluenced by the cues presented along the com- 
peting dimensions. Apparently, Ss scan the 
dimensions and note which cues are avail- 
able, with the properties of these cues then 
affecting their attentional response. In 
addition to physical difference and novelty, 
one other property of the cues which may be 
relevant has been suggested by both Lovejoy 
(1968) in his attention theory and Wyckoff 
(1952) in his treatment of the role of the 
(peripheral) observing response in discrimi- 
nation learning. These authors have as- 
sumed that the probability of making an at- 
tentional response or observing response is 
also determined by the differential habit 
strengths of the cues associated with that 
response. Thus, eg., Lovejoy suggested 
that the probability of attending to a dimen- 
sion depends in part on the extent to which 
the cues along that dimension had previously 
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been differentially associated with reward. 
Here again, S is conceived of as looking. at 
the dimensions and noting the cues which 
are available. For example, the dimensions 
present might be position (with the associ- 
ated cues "right" and “left”) and color 
(“red” and "green"). Assume that there is 
nothing in S’s past experience which would 
dictate a choice of either right or left, but 
that red has previously been associated with 
reward, while blue has been associated with 
nonreward. All other things being equal, 
the assumption that differential cue habit 
strength is a determinant of attention would 
predict that S would respond on the basis 
of color. "T" 

The present experiment, which is sum- 
marized in Table 1, was designed to evaluate 
this assumption. All Ss originally solved 
a problem with either color or form rele- 
vant (Problem 1) and then, on Problem 2. 
were given an ED shift to the other visual 
dimension. The different treatment condi- 
tions were introduced on Problem 3, and each 
S was assigned to one of the four major 
groups. For two of these groups, the 
stimuli employed in Problem 1 were rein- 
troduced. For one of these groups, the 
relevant dimension was the dimension which 
had been irrelevant on Problem 1 and rele- 
vant on Problem 2, This group (desig- 
nated Group ID-old) was thus given an ID 
shift from Problem 2. For the second group 
(Group ED-old), the reward contingencies 
were the same as in Problem 1, and the shift 
was an ED shift from Problem 2. For the 
remaining two groups, entirely new stimuli 
were introduced, and Group ID-new was 
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given an ID shift from Problem 2, with 
Group ED-new receiving an ED shift from 
Problem 2. The basic design constituted a 
2 (Shift) x 2 (Cues) factorial, and the dif- 
ferential cue habit strength assumption leads 
to two predictions: (a) There should be a 
Shift x Cues interaction; (b) Group ID- 
new should learn faster than Group ID-old. 

While not of primary concern here, the 
new groups are of interest in themselves, 
since there have been no experiments with 
children comparing performance on ID and 
ED shifts following training on two differ- 
ent dimensions. While the theoretical pre- 
dictions outlined earlier are clear, extratheo- 
retical considerations suggest the possibility 
of a different outcome, In the present case, 
given that Ss have learned both a color 
problem and a form problem, we might ex- 
pect these Ss to have learned to attend to 
both dimensions on subsequent problems, 


thus eliminating the difference between the 
shift conditions 


METHOD 


Subjects—Sixty-four second-grade children, 32 
boys and 32 girls, served as Ss. They ranged in 
age from 85 to 107 mo., with a mean of 91.3. : 

Experimental design.—With sex and dimensio 
being counterbalanced across groups, the overa 
design was a 2! factorial, with four Ss per cell. 

Apparatus—A modified version of the Waon 
sin General Test Apparatus was used. The S. ans 
E sat facing each other with a one-way vision 
Screen interposed. The base of the apparatus con- 
tained a revolving circular tray (22-in. diameter 
mounted on rollers, Half of the tray containec 
two wells 53 in. apart, Before each trial, E woul 
Place a marble in one of the wells, place the stim- 
uli in position, and revolve the tray, presenting the 


TABLE 1 
SUMMARY OF THE ExPERIMENTAL DEsiGN 
Group v mw 
Problem ET a 
ID-old ED-old ID-new ED-new 
; GF GF, 
CHF; CF, 
CHF; CF, 
2 GF. CHF, 
CAP, CF: Sm CF, GOES CE Coke Cis 
3 CF. Gry CAF: GF CF. Car, CotFe GF. 


N C and F stand for color and form. with the subscripts denoting 
ote.—! " 


; are 
ng specific cues e dimensions. Not shown af 

he conditions in which form was relevant on Problem | or the other tus noting Mosi the dimensions, N 

the condi! 


settings used on each problem. 
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stimuli to S. The entire apparatus, except the 
One-way screen, was painted gray. 

Colored geometric forms printed on 3X3 in. 
White cards served as stimuli. There was a total 
of 64 color-form patterns resulting from the fac- 
torial combination of eight forms (square, circle, 
cross, triangle, diamond, star, X, and T) and 
eight colors (red, blue, gray, green, black, brown, 
Orange, and yellow). 

Procedure.—Each S was brought individually 
to the experimental room, where he was given in- 
structions indicating that he would be shown two 
Cards and that a marble would be hidden under 
One of them. Further, S was told that if he was 
Careful, he could find the marble every time, and 
that if he got enough marbles, he could trade them 
for a toy of his choice at the end of the session. 

Training on Problem 1 was begun immediately, 
a marble serving as the reward for a correct re- 
sponse. Half of the Ss were given a problem in 
Which color was the relevant dimension, and half 
Were given a problem in which form was relevant. 
A noncorrection procedure was used throughout 
the experiment. Position of the positive stimulus 
Was determined by a Gellermann series on all prob- 
lems, with an independent Gellermann series being 
used to determine which value of the irrelevant 
dimension would be paired with the positive stimu- 
lus on each trial, The criterion for learning was 
Set at nine correct responses in a block of 10 
trials, successive blocks beginning on Trials 1, 6, 
1, etc. 

To facilitate learning of the first two problems, 
the special training procedure employed by Dick- 
erson (1966) was used. If S made an error on any 
trial following Trial 15, E presented all four 
Stimuli to S, the two positive stimuli on one side 
of the apparatus and the two negative stimuli on 
the other side. The E pointed to the two posi- 
tive stimuli and told S that these two were always 
Correct, then pointed to the negative stimuli and 
told S that they were never correct. No men- 
tion was made of either the dimensions or specific 
Cues present. For each S who required them, one 
pplication of these instructions was sufficient to 
Suarantee learning, and Ss were then run to the 

0 criterion. Finally, the assignment of cues 
to each S was dictated by a counterbalancing pro- 
Sedure which guaranteed that within each of the 
Sur major groups, each color and each form was 
Positive and negative an equal number of times. 


RESULTS 


Problems 1 and 2.—As one check on the 
quality of the four basic groups, the num- 
ber of Ss in each group requiring the special 
instructions on Problem 1, Problem 2, or 
both was determined. These data were sub- 
Jected to chi-square analyses, and in no case 
Sould the null hypothesis be rejected. In 
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addition, 2* factorial analyses of variance 
were performed on the number of errors to 
criterion on Problems 1 and 2. On Problem 
1, the main effect of shift, F (1, 48) = 4.34, 
p < 05, and the Shift x Cues interaction, 
F (1, 48) = 6.92, p < .025, were reliable, 
both caused by the fact that Group ED-new 
performed reliably better than each of the 
other three groups. No reliable effects were 
obtained on Problem 2. 

Problem 3.—The Problem 3 data were 
such that the assumption of homogeneity of 
variance was not met. This assumption was 
met when transformed scores were employed, 
and the dependent variable in the analysis 
was loerrors to criterion + 1- A 2* factorial analy- 
sis of variance was performed on the trans- 
formed scores, and the only reliable effect 
was the Shift X Cues interaction, F (1, 
48) = 8.86, p < .005. The geometric mean 
for Group ID-new was 1.95, for Group ED- 
new, 7.28; for Group ID-old, 4.63; and for 
Group ED-old, 3.33. To follow up the in- 
teraction, ¢ tests (based on the analysis of 
variance error term) were performed, com- 
paring the ID and ED shifts separately for 
each cue condition. Where new cues were 
introduced, the ID shift was learned signifi- 
cantly more quickly than the ED shift, #(48) 
= 3.36, p < .001, whereas with the old cues, 
the difference was nonsignificant (t « 1), 
with the ED shift being learned slightly 
more quickly. 

To test the second prediction derived from 
the differential cue habit strength assump- 
tion, a ¢ test was performed comparing 
Groups ID-new and ID-old. It was pre- 
dicted that Group ID-new would learn more 
quickly than Group ID-old, and this differ- 
ence was obtained, ¢(48) = 2.21, p< 05. 
Lastly, examination of the Problem 3 data 
failed to reveal any difference in performance 
between those Ss who did or did not require 
help on either or both of the first two prob- 
lems. 


Discussion 


These data provide strong support for the 
assumption that the probability of attending to 
a dimension is increased if the cues along that 
dimension have different habit strengths. The 


first prediction derived from this assumption 
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ere should be a Shift x Cues inter- 
us di loe rri first the new groups, these 
groups should enter Problem 3 with a high 
robability of attending to the relevant dimen- 
es of Problem 2. Since this dimension is 
a eee for Group ID-new, but irrelevant for 
Gronp ED-new, we should expect Group ID- 
new to perform better. Considering the old 
groups, this same argument would apply. 
However, due to training on Problem 1, differ- 
ential cue habit strengths should increase the 
strength of the relevant dimension for Group 
ED-old, while increasing the strength of the 
irrelevant dimension for Group ID-old. Thus, 
prior learning and differential cue habit strength 
would be working against each other in this 
comparison, and we should expect the ID-ED 
difference obtained with the new cues to be 
reduced or even reversed with the old cues, 
generating the Shift X Cues interaction, which 
was obtained. While the Shift x Cues inter- 


Problem 1, 


significantly in 
clusion which is somewhat questionable given 
the Problem 2 analysis, this would tend only to 
of the Problem 3 interaction a 
Conservative one, since the group which per- 
formed best on Problem 1 (Group ED-new) 
was the group which performed most poorly on 
Problem 3. 

Second, considering Groups ID-new and ID- 
old, both groups should have learned, on Prob- 
lem 2, to attend to the dimension which was 
relevant on Problem 3. However, Group ID- 
old would have differential habit strengths for 
the cues of the irrelevant dimension, thereby 
increasing its strength. Since increasing the 
strength of the irrelevant dimension should 
retard performance, we would expect Group ID- 
new to perform better than Group ID-old, 
which was the obtained result. 

Before proceeding, however, it should be 
pointed out that one alternative explanation of 
the Shift Cues interaction can be Proposed on 
the basis of differential instrumental response 
transfer. Considering Groups ID-old and ED- 
old, it might be argued that Group ED-old 
enters the problem with a higher initial prob- 
ability of making the correct choice response 
than does Group ID-old. For Group ED-old, 
the reward contingencies are the same as in 
Problem 1, so if Ss attend to the relevant di- 
mension, the probability is very high that they 
will choose the positive stimulus and hence be 
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reinforced, whereas for Group ID-old, the 
probability of their making the correct choice 
response given that they attend to the relevant 
dimension is only .5, Thus, it might be argued 
that Group ID-old enters Problem 3 with an 
advantage in the sense of having a higher 
Probability of attending to the relevant dimen- 
sion and that Group ED-old has an advantage 
in the sense that it enters Problem 3 with a 
higher Probability of making the correct in- 
strumental response if Ss attend to the zele 
vant dimension. If these two advantages a 
each other out, the net result would be no dif- 
ference between the groups, which was the ob- 
tained result. 

While this source of transfer is clearly pres- 
ent, arguments can be proposed which suggest 
that it may not be of much import. First, the 
advantage of Group ED-old could be realize 
only if Ss attended to that dimension in the 
first place. Second, if instrumental learning 
proceeds quickly, their advantage is not a very 
great one. Finally, and most importantly, the 
comparison of Groups ID-old and ID-new a 
the present experiment is free of this confoun h 
ing, since both groups enter Problem 3 ioe 
the same probability (.5) of making the correct 
instrumental response. Thus, the finding thai 
Group ID-old learns more slowly than Group 

“new must reflect differences in Ss’ initi a 
Probability of attending to the relevant dimen 
sion. For Group ID-old, the cues of the y^ 
relevant dimension differ in their habit 
strengths, thus increasing the probability of p 
attending to that dimension and leading f 
poorer performance. t 

As mentioned earlier, it seemed possible pos 
the result of training Ss on two different pro A 
lems prior to the final problem might eliminat 
the usual difference obtained in comparisons 2. 
The reason for this on 
er having learned a colo 
Problem and a form Problem, Ss might, on 
to both dimensions simu 
The reliable difference between 
Groups ID-new and ED-new indicates that this 
did not happen, although without the appie 
priate controls it is impossible to determi 
whether the difference was less than wou 
have been obtained if only one problem ie 
test. The suggestion A 
second-grade children i 
a one-look model than 

(cf. Zeaman & et 
196 ven after having learned both a colo 
Problem and a form problem, these Ss tended t? 
attend to only one dimension on Problem 3. 
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WHOLE-PART TRANSFER 


FROM PAIRED-ASSOCIATE 


TO FREE RECALL LEARNING? 
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All Ss were presented with a 
and then a free recall (FR) 
receive any of the FR words i 
when Ss were given one word 


The results of several studies usi 
recall (FR) to FR transfer desi 
Tulving, 1966; Tulving & Osler, 1 
a study using a FR to serial learnin 
design (Wood, 
that higher order 
during FR learni 
sociations among 


ng a free 
gn (eg. 
967) and 
g transfer 
1969b) support the view 
memory units are formed 
ng. That is, Ss form as- 
the words to be recalled 
during the learning trial, and these associa- 
tions result in the recall of one word being 
influenced by the recall or nonrecall of other 
words. Wood (1969a) used a paired asso- 
ciate (PA) to FR transfer design to investi- 
gate further how higher order memory units 
influence FR learning. All groups received 
a bidirectional PA list of 18 pairs; the pairs 
switched direction unsystematically from 
trial to trial. Each pair of words was con- 
sidered a higher order memory unit. The 
number of words in List 2 (0, 6, 12, 18) 
that belonged to a memory unit formed dur- 
ing List 1 PA learning was manipulated, 
Only one word from any two-word unit 
was presented in List 2. If a word from 
a List 1 pair was presented in List 2, the 
two-word unit (PA pair) was considered to 
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paired-associate (PA) 
list of 18 words. 
n their PA list. 


be inappropriate for List 2 FR learning since 
recall of the unit would result in one ee 
and one incorrect response. The amount 0 
negative transfer increased as the number 
of inappropriate memory units believed to 
be present increased. 

Segal and Mandler (1967) also used ? 
PA to FR transfer design. They had 5$ 
learn a 16-pair PA list by the anticipation 
method and then a FR list composed B 
half of the items from the PA list, Two ° 
the nine groups received a bidirectional P 
list in which the pairs switched direction 
unsystematically from trial to trial. For 
one group, one word from each PA pai" 
was included in the 16-word FR list. i 
FR list for the other group consisted of ha 
of the PA pairs presented one word at ` 
time in random order. The Ss who receive 
the pairs for FR learning were superior tO 
Ss who received one word from each 
pair, but the difference was not statistically 
significant. Unfortunately, Segal and Mane- 
ler’s failure to use a control group (Ss w 
did not receive any FR words in their P. 
list) made it impossible to determine whether 
negative transfer was obtained for mm 
groups. Wood’s (1969a) results sugges 
that negative transfer is obtained for Ss wh? 
receive a FR list consisting of one wot 
from each PA pair, but it is not clear whether 
Positive or negative transfer is obtained for 
Ss who receive 4 FR list consisting of both 


words from half of the PA pairs If higher 
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TRANSFER FROM PA TO FREE RECALL LEARNING 


Order memory units are formed during FR 
learning, the prior pairing of the words to 
be presented for FR should facilitate FR, 
particularly if the associated words are pre- 
sented consecutively during the FR learning 
trials. 

The purpose of Exp. I was to investigate 
transfer from PA to FR learning by manipu- 
lating the relationship between the pairs 
formed during PA learning and the words 
included in the FR list. The number of 
trials of PA learning (2, 5, 10) was also 
manipulated in an effort to determine how 
degree of PA learning influences subsequent 
FR learning. The amount of transfer was 
expected to increase as the degree of List 1 
learning increased. 


EXPERIMENT I 
Method 


Design and lists. —A 3X 4 factorial design was 
used in which one variable was the number of 
List 1 trials (2, 5, 10) and the other variable 
Was the List 1 — List 2 relationship. Group 18 re- 
ceived one word from each of the 18 PA List 1 
Pairs for FR learning. Group 9P-C (paired- 
Constrained) received half of the PA pairs for 

learning ; the two words of each PA pair were 
Presented consecutively for the FR learning trials. 

TOup 9P.NC  (paired-nonconstrained) also re- 
ceived half of the PA pairs for FR learning, but 

€ two words of each PA pair were not presented 
consecutively during the FR learning trials. Group 

(control) did not receive any of the FR words 
In the PA list, 

All 54 words were two-syllable and could be 
Used as nouns, and no word had a frequency of 
Occurrence of less than four per million. There 
ere four PA lists of 18 pairs each and one FR 
list of 18 words. The words for the FR list 
Were randomly selected from the pool of 54 
Words. A random presentation order was pre- 
Pared for the FR list. The successive pairs of 
two words each were included in the PA list for 
the 9P-C Group. The FR words were re-paired, 
and the PA pairs were included in the PA list 
9r Group 9p-NC. Except for the nine pairs not 
Presenteq for FR, there were no identical pairs 
g Groups 9P-C and 9P-NC. The PA list for 
“Toup 18 was constructed by pairing each word 
PR” the FR list with a word -— ie 

* The me 36 words were used to constru 
the PA lists. for Groups 18, 9P-C, and 9P-NC; 
© Broups differed only with respect to the specific 
Pairings, The PA list for Group 0 (control) was 
)<Pared by replacing the 18 FR words with 18 

Stds not used for FR. 

"Ocedure. A total of 120 students from under- 
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graduate courses in psychology at Michigan State 
University was randomly assigned to the 12 con- 
ditions, such that there were 10 Ss in each condi- 
tion. Each S was instructed to learn both words 
in each of the 18 List 1 pairs so that they could 
recall either word when presented with the other. 
The words were presented for 2, 5, or 10 alter- 
nating study and test trials on a Stowe memory 
drum at a 2-sec. rate. Four different random 
orders of the pairs were presented for study trials, 
and each word was presented as a stimulus for 
half of the test trials. Following List 1 learning, 
Ss were given 10 alternating study and test trials 
on the FR list. The words were presented at a 
l-sec. rate, and each S received three different 
presentation orders of the list. After each pre- 
sentation of the list, the drum was stopped and S 
was given 30 sec. to recall orally the words from 
the list. Recall was tape recorded. 


Results and Discussion 


Free recall learning—The mean number 
of words correctly recalled for the 10 FR 
learning trials for the 12 groups of Exp. I 
is presented in Fig. 1. An analysis of the 
total number correct for the 10 FR trials 
revealed that Group 0 was superior to Group 
18, F (1, 108) = 583, p< .05. A separate 
analysis on the six groups of Ss who re- 
ceived Cond. 0 and 18 revealed a sig- 
nificant Trials X Conditions (Group 0 vs. 
Group 18) interaction, F (9, 486) = 10.58, 
p < .001, indicating that the difference be- 
tween Group 0 and Group 18 increased as 
the number of FR trials increased. Al- 
though Group 9P-C was superior to Group 
9P-NC and Group 0, the differences were 
not significant, Fs (1, 108) — 3.79 and 2.62, 
p > .05, respectively. Thus, there was clear 
evidence of negative transfer for Group 18, 
but only weak evidence of positive transfer 
for Group 9P-C. Furthermore, it was un- 
clear whether the constrained presentation 
of previously paired words during FR learn- 
ing resulted in better recall than noncon- 
strained presentation. 

'The number of trials of PA learning was 
expected to have the greatest effect on 
Groups 18 and 9P-C. Since inappropriate 
memory units were believed to be established 
during PA learning for Group 18 and appro- 
priate memory units for Group 9P-C, it was 
expected that FR performance would de- 
crease for Group 18 and increase for Group 
9P-C as degree of List 1 PA learning in- 
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creased. Although the results were as pre- 
dicted for Ss who received 2 and 10 trials 
of PA learning, the Trials (2 vs. 10) x Con- 
ditions (Group 18 vs. Group 9P-C) inter- 
action was not significant, F (1, 108) = 
2.02, > .05. : 

The mean number of intrusions over all 
10 FR trials was obtained for the 12 groups. 
Since the number of trials of PA learning 
did not influence the number of List 2 in- 
trusions, F (2, 108) = 2.60, p> .05, this 
variable was collapsed. The mean number 
of intrusions was 12.46, 6.90, 4.13, and 1.20 
for Groups 18, 9P-C, 9P-NC and 0, re- 
spectively. "There were more intrusions for 
Group 18 than for Group 0, F (1, 108) = 
22.75, p < 001, and there were more in- 
trusions for Group 9P-C than for Group 0, 
F (1, 108) = 5.82, p < .05. Almost all of 
the List 2 intrusions were words that had 
been presented in List 1, 

Organization —Bousfield and Bousfield’s 
(1966) measure of intertrial repetitions 
(ITR) was used to evaluate the extent to 
which Ss organized their FR list. The 
measure is the number of obtained intertrial 
repetitions or ordered pairs minus the num- 
ber of pairs expected on the basis of chance. 
This measure was modified slightly in that 
an ITR was counted whenever the same two 
words were recalled consecutively on two 
successive trials, regardless of the order of 
recall within the pair, An ITR score was 
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obtained for each of the nine pairs of suc- 
cessive FR trials for Ss who were given 10 
PA trials. The mean number of ITRs for 
the four conditions is presented in Fig. 2. 
Group 9P-C was superior to Group gr AG 
F (1, 36) = 5.49, p < 05, and to Group 0, 
F (1, 36) = 4.90, p < .05. Group 18 Aes 
inferior to Group 0, F (1, 36) = 423, p 
05. Thus, the organization data are con- 
sistent with the view that either positive or 
negative transfer can be obtained when uate 
a PA to FR transfer paradigm by manipu 
lating the appropriateness of the associations 
established during PA learning. Also, the 
contiguous presentation of previously pares 
words during FR learning appears to resu 
in higher organization than a noncontiguou 
presentation order. " 
The ITR measure may not be the qo 
appropriate measure of the amount of NC 
ganization if Ss in the 9P-C and 9P- h 
conditions recalled the two words of pen 
pair consecutively, but did not rell i 
pairs in the same order on successive pre 
That is, the ITR measure assesses whet n- 
words from the same pair are recalled à 
secutively and whether words from diner 
pairs are recalled consecutively on pp 
pairs of trials. A cluster score was coun 
every time Ss recalled the words of a 
pair consecutively during FR learning. Pl 
maximum cluster score was counted wi 
ever both words of a PA pair were reca! 
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during FR. When the PA pairs for Group 
9P-C were used as the basis for clustering, 
the maximum number of clusters possible 
was 573, 345, and 396 for Groups 9P-C, 
9P-NC, and 0, respectively. The number of 
obtained clusters was 95%, 26%, and 32% 
of the maximum number of possible clusters 
for Groups 9P-C, 9P-NC, and 0, respec- 
tively. When the PA pairs for Group 
9P-NC were used as the basis for clustering, 
Group 9P-NC had a total of 367 clusters out 
of a maximum possible of 447 (82%). Since 
all Ss received the same presentation orders 
of the FR list, it is clear that the associations 
established during FR learning were re- 
Sponsible for the large differences in cluster- 
mg. Although Group 0 and Group 9P-NC 
did not differ with respect to the ITR mea- 
Sure, the cluster measure revealed that the 
associations established during PA learning 
had a strong influence on order of recall for 
Group 9P-NC. The fact that the cluster 
Measure was higher for Group 9P-C (95%) 
than for Group 9P-NC (82%) is consistent 
With the ITR measure in indicating that the 
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Fig, 2 (observed minus ex- 
D :. 2 Mean ITR score 3 Š 
iocted) for the nine pairs of successive FR trials 


PA the four groups in Exp. I who received 10 
trials, 


an 
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presentation order during FR also had an 
influence on the order of recall. 

In summary, the results of Exp. I sup- 
ported the view that Ss form higher order 
memory units during FR learning. There 
was clear evidence for negative transfer when 
the memory units established during PA 
learning were inappropriate for FR learning, 
and the organization measures indicated that 
positive transfer is obtained when appropri- 
ate memory units are established during PA 
learning. The positive transfer due to form- 
ing appropriate memory units during PA 
learning appears to be partially dependent 
upon the consecutive presentation of mem- 
bers of the same memory unit during FR 
learning. Although the amount of positive 
and negative transfer seemed to be related 
to the number of PA learning trials, this 
variable did not significantly influence trans- 
fer. 


EXPERIMENT II 


Segal and Mandler (1967) found that 
performance following unidirectional PA 
learning was higher when the FR lists con- 
sisting of one word from each PA pair 
were constructed by using all the stimuli or 
responses than when the list contained both 
stimuli and responses. The group which 
received half of the PA pairs for FR was 
about equal to the groups which received 
either stimuli or responses. Yet, when bi- 
directional PA learning was used, the sub- 
sequent FR learning of the group which re- 
ceived PA pairs was superior to the groups 
which received one word from each pair. 
Thus, although Exp. I gave firm support to 
the view that negative transfer is obtained 
for 5s who receive bidirectional PA learning 
followed by a FR list consisting of one word 
from each pair, the Segal and Mandler study 
suggests that positive transfer is obtained 
when Ss are given unidirectional PA learn- 
ing followed by a FR list consisting of either 
the stimuli or responses from the PA list. 
The purpose of Exp. II was to assess 
whether directionality of PA learning influ- 
ences transfer to FR learning when Ss are 
given one word from each PA pair for FR. 
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Method 


Design.—Three groups received a unidirectional 
PA list of 18 pairs prior to FR learning. Group 
18S received the 18 stimuli for FR learning. Group 
18R received the 18 responses for FR learning. 
Group 9S-9R received half of the stimuli and half 
of the responses for FR learning, such that one 
word was taken írom each PA pair. Group 18 
received a bidirectional PA list and one item from 
each pair for FR learning. The control group 
(Group 0) did not receive any of the PA words 
for FR learning. Half of the control Ss received 
a bidirectional PA list, and half received a uni- 
directional PA list. 

Lists—The 18 words for the FR list were ran- 
domly selected from the pool of 54 words used 
in Exp. I. All Ss received the same FR list. 
The PA list for Group 18S was prepared by 
randomly pairing each word from the FR list 
with one of the 36 remaining words. These same 
pairs were used for Group 18R and Group 18; 
however, the stimulus-response order was reversed 
for Group 18R. The same pairs were also used 
for Group 9S-9R, but the stimulus-response order 
was reversed for half of the pairs. The PA list 
for the control group was constructed by replacing 
the words presented for FR with the remaining 
18 words from the word pool. 

Procedure.—A. total of 80 students from under- 
graduate psychology courses at Michigan State 
University was randomly assigned to the five con- 
ditions, such that there were 16 Ss in each con- 
dition, Each S in a bidirectional condition was 
instructed to learn both words in each of the 18 
List 1 pairs so that they could recall either word 
when presented with the other. Each word was 
presented as a stimulus for half of the test trials. 
The Ss in the unidirectional conditions were given 
standard PA learning trials. The words were 
presented for 10 alternating study and test trials 
on a Stowe memory drum at a 2-sec. rate. Each 
S received four different random orders of the PA 
list. Following List 1 learning, Ss were given 10 
alternating study and test trials on the FR list. 
The words were presented at a l-sec. rate, and 
each S received three different presentation orders 
of the list. After each presentation of the list, 
the drum was stopped and S was given 30 sec. to 
recall orally the words from the list. Recall was 
tape recorded. 


Results 


Free recall learning.—The mean number 
of words correctly recalled for the 10 FR 
test trials is presented in Fig. 3. The re- 
sults were clear in that negative transfer 
was obtained for all four experimental 
groups. An orthogonal comparison in which 
the control group was compared with the 
average of the four experimental groups re- 
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called for the 10 FR trials for the five grouPS 
of Exp. II. 


vealed a significant difference, F G, 75) " 
3844, p < 001. The orthogonal compar! 
son in which the average of Groups 18 an 
9S-9R was compared with the average ili 
Groups 18S and 18R also revealed à n 
nificant difference, F (1, 75) = 4.37, ? r 
O5. Groups 18S and ISR did mot differ 
significantly, F <1, and Groups 18 a? 
9S-9R did not differ significantly, F < l-, 
The mean number of intrusions during 
the 10 trials of FR learning was .62, eee 
14.44, 17.50, and 18.44 for Groups 0, 18° 
25-9R, 18R, and 18, respectively. Althoug? 
the control group had significantly fewer zd 
trusions than the average of the experime” ie 
groups, F (1, 75) = 13.27, p < 001, thee 
were no significant differences among 
experimental groups, F < 1. As in Exp 
almost all of the List 2 intrusions were WO" 
that had been presented in List 1. — 
Organization — As in Exp. I, an ia 
trial repetitions (ITR) score was obtaln 
for each of the nine pairs of successive 
trials. The mean number of ITRs for 
five conditions is presented in Fig. 4. 
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Fic. 4. Mean ITR score (observed minus ex- 
Pected) for the nine pairs of successive FR trials 
for the five groups of Exp. II. 


Clear that the control group was superior 
to the average of the experimental groups, 
P (1, 75) = 14.57, p < 001. Yet, unlike 
the results obtained for recall, the four ex- 
Perimental groups did not differ significantly, 
Fue, 


DISCUSSION 


The results of Exp. II were consistent with 
the results of Exp. I and with an earlier study 
Y Wood (1969a) in demonstrating that nega- 
tive transfer is obtained in a PA to FR transfer 
‘sign when the FR list consists of one word 
rom each PA pair. The directionality of the 
PA list did not have any discernible effect on 
: Performance, unless the FR list consisted 
of all the PA stimuli or responses. The 
euperiority of Groups 18S and 18R to the 
ether two experimental groups supports Segal 
“nd Mandler's (1967) contention that Ss “or- 
lize" the stimulus terms and response terms 
uring PA learning. Yet, the fact that marked 
ASBative transfer was obtained for Groups 18S 
tad 18R indicates that the positive effect due 
Es the "organization" established among stimuli 
"d Tésponses was considerably less than the 
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negative effect due to the inappropriate associ- 
ations established between the stimulus and 
response pairs. 

Finally, in a few instances there was a lack 
of agreement between the organization and 
recall measures. In Exp. I the organization 
measures revealed a significant superiority of 
Group 9P-C over the control group, but the 
recall measure did not reveal a clear difference 
between these groups, particularly for the later 
trials of FR learning. The situation in Exp. 
II was somewhat different in that the recall 
measure revealed a significant superiority for 
the average of Groups 18S and 18R compared 
to the average for Groups 18 and 9S-9R, but 
there was no evidence that the experimental 
groups differed with respect to organization. 
The failure to find differences in the ITR scores 
of the experimental groups suggests that Groups 
18S and 18R did not form associations among 
the stimuli or among the response terms. Per- 
haps, as Segal and Mandler (1967) suggested 
in an effort to explain similar results, Ss in 
Groups 18S and 18R had higher FR perform- 
ance because their FR words had been coded as 
"right side" (responses) or "left side" (stimuli) 
during PA learning. Yet, if the FR list for 
Groups 18S and 18R had been "organized" dur- 
ing PA learning, these groups should have had 
fewer intrusions during FR learning. The in- 
trusion data failed to support this prediction. 


REFERENCES 


BousriELp, A. K., & Bousrietp, W. A. Measure- 
ment of clustering and of sequential constancies 
in repeated free recall. Psychological Reports, 
1966, 19, 935-942. 

Seca, M. A, & Manner, G. Directionality and 
organizational processes in paired-associate 
learning. Journal of Experimental Psychology, 
1967, 74, 305-312. 

TurviwG, E. Subjective organization and effects 
of repetition in multitrial free-recall learning. 
Journal of Verbal Learning and Verbal Behavior, 
1966, 5, 193-198. 

TuLviwc, E, & Oster, S. Transfer effects in 
whole/part íree-recall learning. Canadian Jour- 
nal of Psychology, 1967, 21, 253-262. 

Woop, G. Higher order memory units and íree- 
recall learning. Journal of Experimental Psy- 
chology, 1969, 80, 286-288. (a) 

Woop, G. Whole-part transfer from free recall 
to serial learning. Journal of Experimental Psy- 
chology, 1969, 79, 540-544. (b) 


(Received April 23, 1969) 


1 of Experimental Psychology 
1969, Vol. 82, No. 3, 538-344 


CONCEPT LEARNING AS 


A FUNCTION OF THE 


CONCEPTUAL RULE AND THE AVAILABILITY 
OF POSITIVE AND NEGATIVE INSTANCES? 


L. E. BOURNE, Jr.,2 BRUCE R. EKSTRAND, Ax» BONNIE MONTGOMERY 


University of Colorado 


One hundred and sixty Ss, assigned randomly to cells of a 4 (conceptual rule: 
conjunctive, disjunctive, conditional, and biconditional) X 4 (memory condi- 
tion: feedback retained for all instances, for positive instances only, for 
negative instances only, for none of the instances) factorial design, solved 
an attribute identification problem via the selection paradigm. Rules differed 
in difficulty and the display of feedback for previously selected instances 


facilitated performance. 


The relative effectiveness of retained instances 


differed, however, with the rule; e.g, positives were more informative in 
conjunctive and negatives in conditional concepts. There were differences in 
the stimulus selection patterns of better and poorer Ss, which also interacted 


with rule and memory condition. 


Positive instances are commonly regarded 
as a more useful source of information than 
negative instances in multidimensional con- 
cept learning problems (e.g., Hovland, 1952; 
Hovland & Weiss, 1953). Data to support 
this contention, however, have been collected 
in a relatively circumscribed set of problems 
requiring the identification of a conjunction 
of relevant attributes. The picture has been 
clarified and extended by Bourne and Guy 
(1968), who showed that the relative effec- 
tiveness of positive and negative instances 
depends both on the conceptual rule, i.e., the 
relationship among relevant attributes of the 
concept, and on the givens and unknowns of 
the problem. Specifically, in attribute-identi- 
fication problems (rule given, relevant at- 
tributes unknown), instances of the smaller, 
more homogeneous type, e.g., negatives of 
conditional concepts and positives of con- 
junctive concepts, were used more effectiy. 
by Ss. The outcome was different in rule- 
learning problems (rule unknown, relevant 
attributes given), with a mixture of positive 
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and negative instances leading in all pom 
to more rapid problem solving than eithe 
type alone. 

The three rules used by Bourne and Guy 
(1968)—conjunctive, disjunctive, and SA 
ditional—plus another, biconditional, x 
is included in the present experiment, 97 
described and illustrated in Table 1, uSin8 
the logical bidimensional truth table to sho 
how stimuli are assigned by each of les 
positive and negative categories. ERES 
are based on the stimulus population ms 
ployed in the present study, which pera 
of 81 patterns generated by four three-valuet 
dimensions. Table 1 also presents the = 
lute and relative frequencies of positive ee 
negative instances for all rules and the y 
ber of stimuli identified with each of t 
four "truth table" classes. al 

In the initial comparisons of concep 
rules (eg, Bourne, 1967; Haygood a 
Bourne, 1965; Neisser & Weene, I 
stable order of rule difficulty emerged. de- 
sidering only the bidimensional rules ive, 
scribed in Table 1, the order was conjunc” ' 
disjunctive, conditional, and biconditio" 
from easiest to hardest, This order ing 
been shown to hold both for suede 
and for attribute-identification prob he 
solved by untrained Ss (Bourne, 1967) vave 
Ss are provided with a mixture of po5! rne 
and negative instances, The data of Bou 


der 
and Guy (1968) indicate that rule °" 
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TABLE 1 
Four PRIMARY BIDIMENSIONAL RULES 
Relevant attributes Rules and category assignments 
Number of | Truth table 
Stimulus classes | stimulus description à = 
Red | Square TIL Civ” | uve | atona | alicea 
R S RS 9 TT + + + gs 
R S RTr, RH 18 TF - + - - 
R E YS, BS 18 FT - + + - 
R S YTr, YH, 36 FF E = P E 
BTr, BH 


.  Note.—The following abbreviations are used: T = true (or present); F= false (orabsent);R = red; Y = yellow; B = blue; 
S = square; Tr = triangle; H = hexagon; + = positive instance; — = negative instance; X not -x. 


a Ratio of positive to negative instances = 1:8. 
* Ratio of positive to negative instances = 5:4. 
* Ratio of positive to negative instances = 7:2. 
? Ratio of positive to negative instances — 5:4. 


can be changed, and even reversed, when 
Solution-relevant information is provided by 
One type of instance only. Clearly, the type 
of instance from which inferences must be 
drawn is a powerful determiner of conceptual 
Problem solving. 

Another generally accepted empirical con- 
clusion is that the availability of previously 
Seen stimulus patterns and their categories 
acilitates concept learning (Cahill & Hov- 
land, 1960). The opportunity to inspect 
farlier instances presumably reduces (or 
eliminates) the memory requirements of the 
Problem, permitting S to make inferences 
directly from physically present information. 
t is known, moreover, that both stimulus 
and category must be given, since the avail- 
ability of the stimulus alone or of a mis- 
Categorized stimulus has little or no effect 
Pishkin, 1967). , 

n integration of the data from studies 

9! rule differences, positive and negative 
Instances. and stimulus availability generates 
a set of empirical questions and certain ex- 
Pectations about their answers. First, the 
ÜXperiments on stimulus availability have 
been conducted only with conjunctive prob- 
?ms, There is evidence, however, that the 
More complex the conjunction, i.e., the more 
relevant attributes conjoined, the more pro- 
unced are the availability effects (Bourne, 

Odstein, & Link, 1964). Because con- 
it Ptual rules are known to differ in difficulty, 

might similarly be expected that for a 


fixed number of relevant attributes, the im- 
portance of stimulus availability will increase 
with rule difficulty. 

Second, in the typical experimental pro- 
cedure, a mixture of positive and negative 
instances is made available to S. It is un- 
likely, however, that Ss use the negative 
stimuli in the typical conjunctive task. Hav- 
ing only negative instances available for in- 
spection might result in no significant im- 
provement in performance, and there might 
be no difference between the availability of 
only the positives and of both the positive 
and the negative instances. 

Third, it seems likely that the type of 
conceptual rule and the type of instance 
available to S will interact. On the basis of 
results reported by Bourne and Guy (1968), 
it can be predicted that the availability of 
positive instances will facilitate solving con- 
junctive problems, while the availability of 
negative instances will facilitate solving con- 
ditional problems. Furthermore, the avail- 
ability of both positive and negative instances 
should, in general, produce better perform- 
ance than either type alone. Expectations 
about disjunctive concepts (because the 
earlier results were indecisive) and bicon- 
ditional concepts (because they were not in- 
cluded in the earlier study) were uncertain, 
although both rules partition the stimulus 
population used in this study into nearly 
equal halves, which—on the homogeneity of 
category argument (Bourne & Guy, 1968)... 
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would suggest a near equivalence of informa- 
tional content and no reliable difference 
between positive and negative instances. 
The purpose of the present experiment 
was to investigate these questions and ex- 
pectations. Independent groups of Ss were 
given attribute-identification problems based 
on four different conceptual rules with all 
previously seen instances, only positive in- 
stances, only negative instances, or no pre- 
viously seen instances identified and avail- 
able for inspection. The Ss selected and 
tested instances in a self-determined order. 
In general, stimulus availability was ex- 
pected to facilitate performance, with the 
more informative and therefore facilitative 
instance depending on the particular rule and 
its characteristic stimulus partition. The 
proportions of positive and negative in- 
stances, fortuitously or purposefully selected 


by S, were also expected to correlate with 
overall performance. 


METHOD 


Subjects and design.—The 
volunteers from introductor 
They were assigned random 
perimental conditions, 10 Ss per condition. Ex- 
perimental conditions Were generated by a 4 (rules: 
conjunctive, disjunctive, conditional, and bicondi- 
tional) x 4 (availability levels: feedback retained 
for all instances, for positives only, for negatives 
only, and no feedback retained) factorial design. 
Two conceptual problems, differing in their rele- 
vant attributes (small-square and one-red), were 
used, with half of the Ss within primary condi- 
tions assigned to each problem. The Ss were 
tested individually in one session lasting 45 min. on 
the average. 

Apparatus —The stimulus population consisted 
of the 81 geometrical designs derived from four 
dimensions (color, form, number, and size), each 
with three values. Table 1 shows the distribution 
of these 81 stimuli across truth table classes and, 
for each rule, across the two response categories. 
These designs were prepared on 3 x 3 in. cards and 
were arranged, for simultaneous presentation, on 
a large upright display panel. Card positions 
were randomly determined. Response buttons were 
positioned beneath each card and were used by S 
to make card selections. Also beneath each card 
were two signal lights, one on either side of the 
selection button. After each card selection, one 
light was turned on immediately, the left, green 
light if the card was positive and the right, red 
light if it was negative. Depending on the memory 
condition to which § was assigned, the light stayed 
on either for the duration of S's selection response 
or for the remainder of the problem. For exam- 


Ss were 160 student 
y psychology classes, 
ly to 16 primary ex- 
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TABLE 2 


Mean NUMBER or Carp SELECTIONS AS A 
FUNCTION or THE RULE AND THE AVAIL- 
ABILITY OF PREVIOUS INSTANCES 


| Overall 


sitive | Negative 
Rule None | Positive | Negative) an | Crean 
d 15. f 15.5 
Conjunctive 18.5 15.0 150 284 
Disjunctive 32.0 26.5 265 | Sia 
Conditional 42.0 25.5 285. 35.8 
i itiona 0 23.0 35. 
Biconditional 0 2nd 
Overall mean 5 22. 


| 21. 


ple, when no instances were to be retained vd 
apparatus, thus forcing S to remember informal 
necessary to solve the problem, signal lights eS 
presented only while the selection button was re- 
pressed; when positive instances were to be re- 
tained, all green signal lamps once lighted te 
mained lighted, while red lamps were extinguls 16 
when S released the selection button. The Pei 
gramming of stimulus-signal-light contingen ps 
and the retention of specified signals We o 
complished electronically through a networ 
relays.3 " 15 
Tasb.—In the preliminary instructions, s ne 
materials were described and examples of the ions 
values on each of the four stimulus dimen em 
were shown. The conceptual rule for the pro (see 
was explained, using both the truth table nally, 
Table 1) and several illustrative solutions. P the 
S was asked to demonstrate his knowledge ositive 
rule by sorting several stimuli into the pation 
and negative category according to a combina 
of attributes specified by E. timuli 
In his experimental problem, S selected a 
at a self-determined rate from the display boa p 
pressing the appropriate buttons. No sample T 
tive instance was shown. After every five ig, à 
tions, S was asked to state an hypothesis, "Tecd- 
best guess about the relevant attributes. NO was 
back as to the correctness of these hypotheses ^c 
given; however, the problem was terminate hy- 
considered solved when S stated the correc 
pothesis on two successive occasions. 


osi- 
lec- 


RESULTS 


re 
Mean numbers of card selections Dont 
solution for the various primary pond o 
are presented in Table 2. The analys ical 
variance in these data revealed zo" 
effects for rules, F @, 128) = 10.09, 3) 
.01, and availability conditions, F GB dif- 
= 289, p < .05. Overall, the order wi 
ficulty was precisely and reliably the "m 
as that reported in earlier work z 0l: 
Bourne, 1967), L (40) = 1084, P idual 
however, pairwise comparisons on indiv ia 
3 This apparatus was designed and constr to 


debte 
by E. James Archer, The authors are inde 
him for its use in this project. 
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degrees of freedom indicate that most of the 
variance was accounted for by the difference 
between conjunctive and nonconjunctive 
concepts, F (1, 128) = 26.62, p < .01. Con- 
sidering the availability conditions, the most 
stable difference, statistically, was between 
some instances and none at all, F (1, 128) = 
643, p < .05; however, the means show a 
reasonable progression, with the availability 
of all instances being numerically superior 
to either positive or negative instances alone. 
There are some important internal differ- 
ences in Table 2, but, in view of the sta- 
tistically marginal Rule x Availability inter- 
action, p < .10, it is difficult to make un- 
ambiguous interpretations. In any case, 
these trends are better exhibited in the fol- 
lowing, more detailed analyses. 

Selection rates.—At least during the early 
trials of a problem, chance factors are the 
main determiners of the information S has 
to work with. Some Ss selected a large 
number of positive instances, while others 
Selected predominantly negative instances. 
The rate of instances of a particular type can 
be an important consideration for certain 
Tules and availability conditions. To ex- 
Plore this possibility, Ss within each of the 

6 primary conditions (ignoring the prob- 
lems condition, F = 1.0) were divided at 
the median proportion of positive instances 
Selected into high-rate (HR) and low-rate 
) groups. . 

In the analysis of variance, rule and avail- 
Ability effects were again statistically sig- 
nificant, F (3, 128) = 12.37 and 3.51, re- 
Spectively, p < .01. The overall difference 

etween HR and LR Ss was unreliable, F 
S LO, indicating that the informational con- 
tent of positive and negative instances can- 
Not be separated from considerations about 
the rule or about the kind of instances held 
for S’s inspection. The importance of type 
Of instance is revealed by two interactions, 
Selection Rate x Availability Condition, F 
(3, 128) = 2.82, p < .05, and Selection Rate 
X Availability Condition x Rule, F (9, 128) 
= 291, p< 0l. 

ean numbers of card selections for HR 
and LR Ss within all rule and availability 
Conditions are portrayed in Table 3. Aver- 
aging over the four rules, it is of some ad- 
Vantage to select more positive instances 


TABLE 3 
MEAN NuMBER oF CARD SELECTIONS IN VARIOUS 


EXPERIMENTAL CONDITIONS FOR Ss WnuosE 
SELECTION RATE FoR POSITIVE INSTANCES 
was HIGHER (HR) or Lower (LR) 
THAN THE MEDIAN 


Selection Positive | Negative 
Rule rate: None only only Both 
Conjunctive | HR 13 15 11 
LR 24 16 15 15 
Disjunctive HR 24 28 26 31 
LR 41 27 27 22 
Conditional HR |55 34 32 26 
LR 29 32 19 24 
Biconditional HR 34 23 67 25 
LR 51 42 23 21 
Overall HR 31.3 25.0 34.0 24.3 
LR 36.3 29.3 21.0 20.5 
| 


when no previous instances are available, but 
when all instances are available, a higher 
ratio of negative instances is more useful. 
These differences were slight, however, and 
the major interactive effect appears to be 
attributable to the selection of a relatively 
high rate of whatever type of instance was 
retained by the apparatus. 

Interpretation of the two-way interaction 
must be qualified in terms of the rule defining 
problem solution. There was a general 
tendency for Ss who selected a high propor- 
tion of positive instances to perform better 
on conjunctive problems. The variability 
among data points was small, however, ex- 
cept when no prior instances of the concept 
were available; selecting a high proportion 
of positive instances was clearly facilitative 
in this case. The Ss who selected a high 
rate of positive instances in disjunctive prob- 
lems were relatively better off when no in- 
stances were retained, but worse off when 
all instances were retained. If only one type 
of instance was available, no advantage "ac. 
crued to either type or to either selection 
rate. The pattern suggests that negative in- 
stances are particularly useful when they are 
retained by the apparatus and can be con- 
trasted with positive instances. 

The results for conditional concepts were 
nearly the mirror image of conjunctions. 
They showed a clear inverse relation between 
number of trials to solution and the propor- 
tion of negative instances selected. More- 
Over, the retention of negative instances, 
alone or in combination with positives, was 


542 


an important contributing factor to condi- 
tional problem solving. Biconditional con- 
cepts revealed a pattern similar to that ob- 
tained by summing over rules. Performance 
was better when the type of instance selected 
with greater frequency was retained. Ap- 
parently, Ss make equally effective use of 
both positive and negative stimuli in solving 
biconditional problems, although there might 
be a slight advantage to the availability of 
positive instances. 

Distribution of stimulus selections.— 
Which and how many stimulus patterns in 
the natural population are positive (and 
negative) instances depend on the solution 
rule (see Table 1). It is not necessarily 
the case that all positive (or negative) in- 
stances of a particular concept are equally 
informative. Haygood and Devine (1967), 
e.g., found that among the positive instances 
of disjunctive and biconditional concepts, 
those exhibiting both relevant attributes 
(TTs) were most useful to S. Further 
clarification of the relation between selection 
rate and performance, then, might be pro- 
vided by an analysis of the number of in- 
stances from each of the four truth table 
categories selected by S prior to solution, 
In an effort to determine whether distribu- 
tion of selections is related to overall suc- 
cess on the task, Ss within each of the 16 
Rule x Availability conditions were divided 
at the median number of errors to solution 
into groups of “better” and "poorer" problem 
solvers. 

The effects of rule, F (3, 128) = 25.69, 
and availability, F (3, 128) = 7.31, were 
statistically significant, p < 01, the trends 
being consistent with those observed in 
earlier analyses. The better Ss were, of 
course, superior to the poorer Ss, F (1, 
128) = 181.54, p < .01, with mean numbers 
of instances to solution being 16.16 and 
38.56, respectively. The overall numbers of 
selections from the four truth table classes 
differed reliably, F (3, 384) — 128.54, p < 
.01, reflecting closely the 1:2:2:4 distribu- 
tion of the natural stimulus population. 
Mean selections per class were 3.88, 6.68, 
5.89, and 11.33 for the TT, TF, FT, and 
FF classes, respectively. 

The more revealing results are contained 
in the interactions of rule, group, and truth 
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TABLE 4 
Mean NUMBER or Carp SELECTIONS FROM EACH 
TRUTH TABLE CLASS PRIOR TO 
PROBLEM SOLUTION 


Group of Ss 
Truth table 
Rule i) MM c e 
i iig Better Poorer 
| E 
Conjunctive TT 2.45 aag 
TF 2.55 4.7 
FT 2.35 5.00 
FF 2.40 7,30 
Disjunctive THE 1.95 "S 
TF 4.15 9.9 s 
FT 4.60 2 
FF 7.05 15.0 
Conditional TT 3.05 54 
TF 5.60 p 
FT 2.40 er 
FF 6.45 18.6 
Biconditional TT 3.60 a 
TF 3.75 10. 0$ 
FT 4.20 ee 
FF 8.10 25. 


table class. While the overall distribution of 
selections resembled the natural population 
frequencies tended to be highest for the a 
informative instances of any particular Ja ie 
producing a Rule x Truth Table Class inte 
action, F (9, 384) = 14.14, p < 01. p 
major examples are TT instances of a pe 
junction, selected nearly as often as the E ; 
age of the remaining three categories (W e 
are 27 times more prevalent in the pop" 
tion), and TF instances of a conditor 
concept, selected nearly 1.5 times as often en 
the equally numerous FTs, As can be m 
in Table 4, this genera trend is exagger? 

in the performance of better S's, the Groni ig 
Rule x Truth Table Class interaction b" ; 
highly reliable, F (9, 384) = 502, p < ` Ss 
Whether by design or by chance, lans g= 
who exceeded the median of overall perfo er 
ance encountered a disproportionate DU 
of the more informative instances (or? Lt 
ticular rule) prior to solution. In the p n 
that better Ss selected TT instances jona 
relatively high frequency in bien ag 
Problems, the data are consistent with - 
good and Devine (1967) ; there was 1° 
tectable difference in the shape of the 
tribution of the two groups of Ss for 
Junctive problems, however. 


dis- 


dis? 


CONCEPT LEARNING AND AVAILABILITY OF INSTANCES 


It is clear from the foregoing analyses that 
the particular stimulus instances, positive or 
negative, selected by S and their distribution 
Over truth table classes are importantly con- 
nected with overall performance. Because 
of the correlational nature of the data, how- 
ever, it is impossible to decide whether the 
better Ss were lucky or, in, fact, intentionally 
and knowledgeably selected more informative 
stimuli. One conceivably useful approach to 
this question is to determine S's pattern of 
stimulus selections with respect to his own 
hypotheses (rather than with respect to the 
Solution). It seems likely that Ss with 
better problem-solving skills will tend to 
Select instances which provide a direct hy- 
Pothesis test, a TT instance, or which 
Maximize information yield, e.g., a TF in- 
Stance in a conditional problem. The S's 
Selections on all trials immediately following 
an hypothesis statement (every fifth trial) 
Were categorized as a TT, TF, FT, or FF 
instance with respect to the given hypothesis. 

hese frequencies were converted to per- 
centages, S-wise, and submitted to analysis of 
variance, 

There were three significant sources of 
Variance in these data. First of all, despite 
the fact that the percentages of TT, TF, 

T, and FF instances available to S in the 
natura] population (regardless of his hypoth- 
esis) were 11, 22, 22, and 44, respectively, S 
Chose 40% TTs, 22% TFs, 21% FTs, and 
Only 17% FFs. There is a sizeable differ- 
ence among the classes, F (3, 384) = 26.33, 
? < 01, and a clear preference for the direct 
test—TT. Choice distributions varied with 
the rule, however, F (9, 384) = 11.83, p < 

Instances of the TT class were selected 
67% of the time in conjunctive problems, 
but only 23%, 27%, and 45% of the time in 
isjunctive, conditional, and biconditional 
Problems, When the concept was condi- 
tional, 31% of selections were made from 
the TF category as compared with 21% 
FTs (with respect to S’s hypothesis). 

The Rule x Truth Table Class x Group 

interaction was marginally significant, F (9, 

) = 1.68, p = .06, indicating some ten- 
dency for the better Ss to choose a higher 
TOportion of informative stimulus instances 
than the poorer Ss. There were no other 
reliable group terms in the analysis, however, 
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and therefore there was no compelling evi- 
dence that Ss with better overall scores are 
more skillful than poorer Ss in their problem- 
solving efforts. 


Discussion 


These data are generally consistent with and 
help to extend conclusions drawn in earlier 
experiments. First of all, they show that a 
mechanical reduction in the memory require- 
ments of a conceptual problem—by making 
previous stimuli and their respective categories 
available for inspection—has a major facilita- 
tive effect on performance. The necessity to 
remember at least some portion of the informa- 
tion provided by preceding events apparently 
complicates the fundamental inferential re- 
quirement of conceptual problems, delays the 
attainment of a solution, and might induce S to 
adopt a strategy, such as conservative focusing 
(Bruner, Goodnow, & Austin, 1956), which 
minimizes the memory requirements of the 
task. In fact, a focusing analysis, which was 
not presented, did show a tendency for focusing 
to increase as the memory requirements in- 
creased. 

Both the kind of instance selected and the 
kind retained for $ impose significant qualifi- 
cations on the availability effect. In general, 
the retention of that type of instance selected 
more often by S is the better arrangement, 
This stands to reason, for it provides the 
greater amount of logical information, physi- 
cally present, for S to work with. On the other 
hand, it tends not to be completely consistent 
with the commonly accepted notion that Ss 
make little or no use of negative instances of 
multidimensional concepts  (e.g., Hovland, 
1952). 

While this overall relationship seems to ap- 
ply reasonably well to biconditional concepts, it 
does not hold for the other rule forms. For 
conjunctives, positive instances are more in- 
formative, so that a high selection rate for 
positive instances is better regardless of other 
considerations. Just the reverse holds for con- 
ditional concepts, in which Case it seems to be 
more important to hold negative instances, 
These results are consistent with the interpre- 
tation of the role of positive and negative in. 
stances used by Bourne and Guy (1968), which 
is based on the relative homogeneity of the two 
categories. In brief, the argument is that Ss 
derive more solution-relevant information in 
attribute-identification problems from examples 
of the more limited category, which of course 
is determined by the rule. In the stimulus 
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population used, positives are fewer in number 
and more homogeneous for conjunctions, and 
negatives for conditionals (see Table 1). 
Minor complications of this formulation are 
required for some aspects of performance on 
disjunctive and biconditional problems. These 
rules generate nearly equal-sized positive and 
negative categories of the stimulus population. 
Overall, the type of instance retained would be 
expected to make little or no difference in per- 
formance. This appears to be the case: Ss 
benefit equally from the availability of either 
instance type. However, for biconditional con- 
cepts, retention of the more frequently chosen 
instance type clearly facilitates performance, 
Both the disjunctive and the biconditional 
tule show a notable contrast between the con- 
ditions in which neither and both instance 
types are retained. When neither is available 
and S must rely exclusively on memory, a high 
rate of positive instances is better, 


sug- 
gests that under ordinary, nonavailability con. 
ditions, Ss adopt a positive focusin 


Contrasts of examples 


and nonexamples (Wells, 1967) is workable, 
reducing the relative usefulness o Positive in- 


advantage to a higher 
instances, which i 
category under both rules, 

As to whether ch 
S’s selection of sti 


hypotheses (by selecting TT 
critical instance), although the 
tween the two groups is only 
nificant. Furthermore, the afore, 
ysis of focusing, which wa 
the Results section, faileq to reveal 
pressive differences in focusi 
better and poorer Ss. On the whole, the dis. 
tinction between poorer and better $8 i 
as measures of Systematicity in stimulus 
tions in the present study are concerned s 
small and unimpressive, There might be "re 
powerful analyses which would give a clearer 
picture. On the basis of the evidence available 
here, however, it seems reasonable to conclude 
that while some Ss who attained Solution with a 
relatively small number of instances were in 


Nsofar 
Selec- 
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fact more skillful problem  solvers, E 
factors also played a sizeable role in f 
stimulus selections and in the overall quality o 
erformance of all Ss. 

E The following statements have generally pi 
accepted as facts about concept learning: S 
Positive instances are easier to use or are bidi- 
informative. than negative instances of un 
mensional concepts; (5) availability oe ar 
ously seen instance-category "o e 
cilitates problem solving; and (c) concep Im 
rules differ in difficulty, in the order pred 
tive, disjunctive, conditional, and cm y 
The present experiment imposes certain qua 4 
fications on these Statements. Plainly, all rius 
variables are Systematically interrelated ; neit pe 
the relative usefulness of positive instances, pe 
the benefits of stimulus availability, nor bis 
order of rule difficulty is invariant ov 
changes in the other two factors 
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ROLE OF SEMANTICS IN REMEMBERING 
COMPARATIVE SENTENCES? 


HERBERT H. CLARK? Axp STUART K. CARD 


Carnegie-Mellon University 


It is proposed that comparative sentences are decomposed into independent 
semantic features for remembering. To test this proposal, 64 Ss were 
presented with eight types of comparative sentences and were later required 
to recall them. The sentences were either comparative (is better than) or 
equative (is as good as); they were either positive or negative; and they 
contained either unmarked adjectives (like good) or marked ones (like 
bad). In recalling presented sentences, Ss made systematic errors mostly 
predictable from semantic feature theory. The Ss tended to reconstruct 
unmarked from marked adjectives, affirmations from denials, and sentences 
meaning “strictly greater than” from sentences meaning “greater than or 
equal to.” These preferences are each accounted for by the loss of one 
semantic feature in memory, not by the forgetting of the surface structure 


or syntactic features of a sentence. 


Several recent experiments have shown 
that people retain very abstract semantic in- 
formation from sentences they hear. Fillen- 
baum (1966), e.g., found that his Ss often 
Confused such pairs as open and not closed 
in memory. This indicated to Fillenbaum 
that his Ss had stored in memory a single 
Semantic "reading" which could be realized 
as either open or not closed. Sachs’ (1967) 
Ss were likewise unable to recognize the 
Particular surface form of a sentence they 
had recently heard, but were able to recog- 
nize its semantic content. Neither Fillen- 
baum nor Sachs, however, attempted to de- 
fine what form this abstract representation 
takes in memory. To this end, Clark and 
Clark (1968) and Clark and Stafford (1969) 
Proposed that what Ss retain from sentences 
are “semantic features” (Bierwisch, 1967; 
Ratz & Fodor, 1963). In many pairs of 
Constructions, one member differs from the 
Other by having one additional semantic fea- 
ture. The theory predicts that Ss will often 
Tecall the simpler form in place of the more 
Complex one, because the additional feature 
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is easily lost from memory and this causes 
Ss to reconstruct the semantically simpler 
form from the more complex. 

One aim of the present study was to ex- 
tend the findings about semantic features to 
common English adjectives. The proper- 
ties of many antonymous adjective pairs, like 
good and bad, and wide and narrow, indicate 
that such pairs are not symmetrical: that 
one adjective (good and wide) is “un- 
marked,” while its opposite (bad and nar- 
row) is “marked.” The evidence for this 
is twofold: (a) Unmarked adjectives can 
be used with a neutral meaning. For in- 
stance, How good is the news? usually 
indicates that the speaker does not expect 
the news to be either good or bad, whereas 
How bad is the news? implies that he 
definitely expects it to be bad. And (b) un- 
marked adjectives refer to both a region on 
a scale and the name of the scale itself. So 
the name of the good-bad scale is goodness, 
not badness, and we say The board is two 
feet wide, but not The board is two feet 
narrow. 

In terms of the aforementioned theory, an 
unmarked adjective has one less semantic 
feature than its marked counterpart ; i.e., bad 
consists of all the features of good plus the 
added feature [—Polar]. The theory pre- 
dicts that in comparative sentences the fea- 
ture [—Polar] should be more easily lost in 
memory than spontaneously added, so that 
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marked adjectives, like bad, should be mis- 
takenly recalled as unmarked adjectives, like 
good, more often than the reverse. To test 
this prediction, the present study required 
Ss to recall, after a short period of time, com- 
parative sentences containing marked and 
unmarked adjectives. (For a more detailed 
examination and model of marking, see 
Clark, 1969b; as well as Greenberg, 1966; 
and Marshall, 1969). 

A second aim of the present study was to 
confirm that Ss remember comparative sen- 
tences generally in terms of semantic com- 
ponents. For this purpose, it is necessary to 
look closely at comparative (is better than) 
and equative (is as good as) constructions. 
Linguistically, it has been shown (Doherty 
& Schwartz, 1967 ; Huddleston, 1967 ; Lees, 
1961 ; Smith, 1961) that simple comparative 
and equative Sentences are derived from 


two primitive underlying sentences or base 
strings. 


good independ- 
ove B in good- 


Moreover, the relative Position of A and 

B was itself expected to be remembered as 
a composite of semantic features, First, 
both the positive Sentence, A is better than 
B, and the negative Sentence, B isn’t as 
good as A, mean “A js greater than B in 
goodness.” However, both A is as good 
as B and B isn’t better than A mean 
“A is greater than or equal to B in good- 
(As a shorthand for these two mean. 

ings, "greater than" and "greater or equal," 
respectively, are used even where "less than" 
and "less than or equal to," respectively, 
would be appropriate.) Note that the sec- 
ond type of comparison contains all the re- 
lational notions of the first type (greater 
than) plus an additional notion (equal to). 
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Tt was expected that the additional feature 
of “equal to” would be easily lost so that 
“greater or equal” sentences would be recon- 
structed as their corresponding "greater 
than" sentences more often than the reverse. 
Second, it was proposed that positive and 
negative constructions differ by a single 
semantic feature, — Negative sentences are 
related to their positive counterparts in i> 
the former deny what the latter affirm. -i 
was hypothesized, therefore, that a denia 
would be stored in memory as an affirmation 
plus a feature indicating the sentence was & 
denial. Since the denial feature should onen 
be lost in memory, negative sentences shoul 


PR n 
be reconstructed as positive more often tha 
the reverse. 


METHODS 


Materials —Fight pairs of unmarked-marked 
antonymous adjectives were selected: hanhi a 
hot-cold, clean-dirty, old-new, pretty-ugly, e^ 
slow, wide-narrow, and good-bad. SEven A 
triples of nouns, nine triples for each adjec the 
Pair, were then composed. Two triples for pie 
adjectives good and bad, eg, were desserts, first 
cake and snack, hamburger, hotdog. The two 
noun was used as a recall cue and the second ce. 
nouns as the two terms in a comparative senten 


5 t oun 
For example, some Ss studied the following n 
cue and sentence: 


The desserts. The Die isn't as bad as the cake. 


Later, presented with only the noun cue, The i 
sorts, these Ss attempted to recall the sentence. fie 
Each triple was used to construct eight mesure 
Son sentences. For the adjective pair goo here 
and the triple (desserts, bie, cake), eg. t 

were the following eight sentences: 


The pie is better than the cake. 
The pie is as good as the cake. | 
The cake isn't better than the pie. 
The cake isn't as good as the pie. 
The cake is worse than the pie. 
The cake is as bad as the pie. 

The pie isn't worse than the cake. 
The pie isn't as bad as the cake. 
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These sentences are distinguished by the followi e 
three Properties: (a) They are either compar are 
417 3 7) or equative (2, 4, 6, 8); (b) ut 
either positive (1, 2, 5, 6) or negative (3, 4, ‘tives 
and (c) they contain either unmarked adjec The 
(1, 2, 3, 4) or marked adjectives (5, 6, 7, 8)- dom 
Order of 5i, and cake was determined at ran for 
for the first sentence, but fixed by that decisio” an 
the remaining seven sentences. One impor are 
Property of these eight sentences is that theY 
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all at least partially synonymous. Another is that 
interchanging the order of the two nouns produces 
Sentences nearly antonymous in meaning to the 
original eight sentences, There were 72 octuples 
OÍ sentences altogether. 

Procedure.—Every S received a study deck and 
a recall deck. The study deck consisted of the 72 
Sentences he was to study, 1 from each octuple. 
Each was printed on a separate IBM card to- 
gether with its noun cue. The sentences were 
Separated by blank cards into nine blocks of 8 
Sentences each. The recall deck was precisely 
identical to the study deck in form and in order 
except that the sentences to be recalled were 
omitted, 

An S studied each sentence in his study deck 
for 73 sec, one after another in blocks oí 8 sen- 
tences, Beginning with the first block, he heard a 
Signal every 73 sec. to turn from one card to the 
next. On encountering the blank ninth card, he 
turned to the recall deck and, working at his own 
Pace, attempted to recall the 8 sentences in order 
to the appropriate noun cues. Once he had tried 1 
Sentence and had turned to the next noun cue, he 
Was not allowed to go back. The entire procedure 
Was repeated for the next eight blocks of sen- 
tences, The first block was included for practice 
Only and was discarded before analysis, leaving 64 
Sentences. 

The Ss were 64 introductory psychology students 
from Carnegie-Mellon University fulfilling a course 
Tequirement. They were randomly assigned to 
eight equal groups, each group receiving one of 
eight different study decks. The Ss were run in 
Broups of 8-16 in sessions lasting about 45 min. 

he Ss were urged by the instructions to recall the 
Sentences verbatim. When they could not recall a 
Sentence completely, they were to write down what 
they could remember, even if they could only 
Temember parts of the sentence. 

Experimental design.—The study decks were put 
together according to a carefully counterbalanced 
design. The goals of the design were to have 
fach § encounter one of each adjective pair in 
ach block, each construction in each block, and 
Sach adjective pair in each construction. These 

Tee specifications were to be uncorrelated with 
ach other as well as with the positions of the 
Sentences within each block. To meet these con- 
Straints, eight different study decks were prepared 
mM an 8X 8 Graeco-Latin square design. First, 
9ne order of the 72 noun cues was made for the 
eight decks; the cues were to be for a different 
Construction type in each deck. The Graeco-Latin 
Square, then, consisted of four orthogonal variables: 
(a) the eight decks, (b) the eight adjective pairs, 
(c) the last eight blocks, and (d) the eight posi- 
tions within each block. The practice block in 
ach deck was identical to the very last block, ex- 
Cept, of course, that different noun triples had been 
"Sed. This elaborate counterbalancing was used 
SO that any serial recall strategies or learning-to- 
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learn phenomena would affect all the conditions 
equally. 


RESULTS 


In recalling presented sentences, Ss made 
many errors. These errors are displayed in 
Table 1 in a tally of sentence forms Ss re- 
called for each presented form; the head of 
each column lists the form presented, and 
the head of each row the form recalled. The 
only responses tallied are those that con- 
tained (a) either the correct underlying 
adjective or its opposite, (b) a recognizable 
comparison construction, and (c) at least 
one of the appropriate two nouns. Of the 
27% of the responses not tallied, 41% were 
failures to respond, 25% consisted of nouns 
with no relational term, and the rest con- 
sisted of only an inappropriate relational ad- 
jective. In the upper 8X8 matrix are 
tallied the recalled sentences which are 
partially or wholly synonymous with the 
presented sentence; in the lower 8x8 
matrix are those which are partially or 
wholly antonymous with the presented sen- 
tence. In Table 1 and elsewhere, good and 
bad represent all unmarked and marked ad- 
jectives, respectively. 

The errors were statistically analyzed pri- 
marily by three-way analyses of variance, 
with one fixed treatment factor (e.g. the 
eight construction types) and two random 
factors (the eight adjective pairs and the 64 
Ss) (Winer, 1962). Adjectives were con- 
sidered a random factor in order to be able 
to generalize across adjectives as well as 
across Ss (Coleman, 1964). The appropri- 
ate error term for testing the fixed factor in 
such a design is a combination of two-way 
and three-way interactions, depending on the 
size of the former. But because calculation 
of the three-way interactions would have to 
be carried out on dichotomous values only 
and because various interaction terms had 
been systematically confounded, the usual 
error term could not be used. Instead, the 
fixed effects were tested against the two 
random effects separately (adjectives and 
Ss), with the reasonable assumption that the 
Treatment X Adjectives and the Treatment 
X Ss interaction variances are zero and their 


estimates consist solely of error variance 
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Parametric F tests were used where possible; 
nonparametric tests were used for response 
bias where the scores, though not inde- 
pendent, contained order information appro- 
priate for nonparametric tests. 

First, some overall properties of the 
matrix are discussed, and then two specific 
properties are dealt with in detail—the ef- 
fects of the marking of the adjectives and 
the effects of the type of comparison con- 
struction. 

Overall results—The Ss’ preference in 
recall for certain constructions over others 
can be seen in the row totals in Table 1. A 
measure of overall bias towards, say, the 
form, X is better than Y, is obtained by 
adding the total number of responses listed 
for Sentence 1 in the top part of the matrix 
to the total for 1’ in the bottom part. The 
resulting eight totals differ significantly from 
each other, x? (7) = 105, p < .001, Fried- 
man’s one-way analysis of variance by Ss, 
and x? (7) = 34.20, p < .001, by adjectives. 
Among the possible orthogonal comparisons 
within the eight constructions (an unmarked- 
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marked X positive-negative X comparative- 
equative design), there were only three sig- 
nificant effects. First, constructions with 
unmarked adjectives were preferred over 
those with marked adjectives, 1,635 to 1,347, 
normal z = 4.47, p < .001, sign test by 5s, 
and p < .025, Wilcoxon test by adjectives. 
Second, positive constructions were preferred 
over negative, 1,828 to 1,154, normal 3 = 
6.70, p < .001, sign test by Ss, and p < 005, 
Wilcoxon test by adjectives. Finally, there 
was an important interaction between posi- 
tive-negative and comparative-equative : the 
positive comparative and negative equative 
constructions were strongly preferred over 
the negative comparative and positive equa- 
tive, 1,726 to 1,256, normal s= 475, p < 
-001, sign test by Ss, and p < .005, Wilcoxon 
test by adjectives. This indicates that the 
constructions meaning "greater than" (like 
is better than and isn’t as good as) were pre- 
ferred over those meaning “greater or equal 

(like is as good as and isn’t better than). 
Notice that this occurs without a significant 


TABLE 1 
Matrix or Coxrusioxs FOR Eicut LiNGUISTIC Forms 
Recalled form 7 Presented form see 
ee | a 4 5 6 7 8 
1. A is better than B. 275 46 427 
2. A is as good as B. 2 | 24 | 4 a 3 4) 2j 34 | 427 
3. B isn't better than A. 1 4 140 40 4 18 2 205 
4. B isn't as good as A. 4 3 78 166 E. 9 3 1 286 
5. B is worse than A. 1 1 13 2 745 E. 4 a 344 
6. B is as bad as A. 0 0 10 3 15 * 5 d 255 
7. A isn't worse than B. 4 3 4 i 2 11 182 
8. A isn't as bad as B. 6 3 0 0 : : E a 234 
Sabeare 319 | 284 | 20» | 267 | 296 | 293 | am | 53 | 2228 
1’. B is better than A. 14 7 56 M 159 
2’. B is as good as A. 4 26 33 N i 10 0 1 "i 
3'. A isn't better than B. 17 13 11 rA i 12 2 n 
4'. A isn't as good as B. 21 17 6 i ó : 14 E- 79 
5’. A is worse than B. 6 6 3 d Ds ? 11 é 143 
6’. A is as bad as B. 1 4 0 0 E NO a ea 92 
7’. B isn't worse than A. 0 1 7 1 ja E 2 d 43 
8’. B isn't as bad as A. 2 0 6 7 zh is : ; 54 
Subtotals 65 74 | 122 | 116 69 85 | 12 | n4 | 757 
Totals 384 | 358 | 393 | 383 365 | 368 | 364 | 367 | 2982 


Note.—Good and bad are only exemplary adjectives, standing for unmarked and marked adjecti respectively. 
z ctives, 
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preference for either the comparative or 
equative syntactic forms themselves. 

In parallel with recall bias was Ss’ ability 
to recall a presented sentence verbatim. Ver- 
batim recall is tallied in the eight main 
diagonal cells of the upper 8 X 8 matrix. 
These eight numbers exhibited the same 
significant effects that recall bias did. First, 
Constructions with unmarked adjectives were 
recalled verbatim more often than those with 
marked adjectives, 805 to 745, F (1, 63) — 
4.93, p < .05, by Ss, and F (1, 7) = 2.00, p 
> 05, by adjectives. (The latter is not 
Significant presumably because of the in- 
Sensitivity of the error term with 7 df.). 
Second, positive constructions were recalled 
More often than negative ones, 953 to 596, 
P (1, 63) — 91.12, p < .001, by Ss, and F 
(1,7) = 225.6, p < .001, by adjectives. And 
finally, the constructions meaning "greater 
than" were better recalled than those mean- 
Ing “greater or equal," 842 to 708, F (1, 
63) = 14.07, p < .001, by Ss, and F (1, 7) 
= 23.25, p < .001, by adjectives. There was 
again no better recall of comparative than 
9f equative constructions. 

It might be proposed, however, that the 
Tesponse bias considered previously was an 
artifact of the better verbatim recall of some 
Constructions over others. This proposition 
can be tested by considering response bias 
in Table 1 once verbatim recall, the main 

lagonal cells of the upper matrix, has been 
S'iminated, Indeed, the "corrected" bias to- 
Wards the eight constructions shows the 
Same differences as before, since it correlates 
85 with verbatim recall. Moreover, the 
Variance of the proportions of the verbatim 
recall of the eight constructions is only about 
°Ne-fifth the size of the variance of the pro- 

°rtions of the incorrect recall of those con- 

Tuctions relative to the opportunity for 
€se erorrs, Hence, there is a sizable 
“sponse bias that is independent of the level 
st Verbatim recall. ; 
fe astly, there appear to be only small dif- 

Tences in Ss’ abilities to recall at least some 
Partly Correct sentence for each of the pre- 
pited sentences. The column totals in 
able 1 showed no significant differences by 
although by adjectives there were sig- 


Ss, 
hifi E 
Cant interactions between the markedness 
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TABLE 2 


MATRIX OF CONFUSIONS BETWEEN MARKED 
AND UNMARKED ADJECTIVES 


Presented ‘adjective 


Recalled adjective Totals 
Unmarked Marked 

Unmarked 1394 241 1635 

Marked 124 1223 1347 

Totals 1518 1464 2982 


of adjectives and positivity, F (1, 7) = 6.63, 
p < .05, and between markedness and com- 
parative-equative sentence type, F (1, 7) = 
6.64, p < .05. It is important that these 
column totals are approximately equal; 
otherwise, Ss might be trying to remember 
only the easy constructions, and this possi- 
bility would considerably complicate the in- 
terpretations of response bias and verbatim 
recall. 

The lexical marking of adjectives—A 
marked adjective like bad, we have proposed, 
should be mistakenly recalled as its un- 
marked partner good more often than the 
reverse. These two kinds of errors are 
shown in Table 2, a collapsed version of 
Table 1 with only two presentation and recall 
categories remaining. There were 241 er- 
rors from bad to good, but only 124 errors 
from good to bad. This difference is con- 
sistent across Ss, normal z = 4.27, p < .001, 
sign test, as well as across adjective pairs, 
p < .05, Wilcoxon test. Thus it does ap- 
pear that adjectives tend to be changed from 
marked to unmarked over time in memory. 

The eight pairs of adjectives, however, 
were not all alike in their error results. 
Overall, 66% of the antonym errors were in 
the predicted direction, but this percentage 
varied considerably: pretty-ugly showed 
87%, happy-sad, 86% ; old-new, 80% ; good- 
bad, 78% ; fast-slow, 74% ; hot-cold, 60% ; 
wide-narrow, 54%; and clean-dirty, 22%. 
Clean-dirty was the only pair which elicited 
more errors in the unpredicted than pre- 
dicted direction. 

The adjective pairs also differed consider- 
ably in simply how often a presented adjec- 
tive was mistakenly recalled as its antonym. 
The overall percentage was 12%, but indi- 


————eI!2—-——— S 
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vidual percentages ranged from 1996 to 376: 
fast-slow had 19%, wide-narrow, 17%; 
clean-dirty, 15% ; happy-sad, 13% ; old-new, 
13% ; good-bad, 13% ; pretty-ugly, 6% ; and 
hot-cold, 3%. An explanation is proposed 
later to account for the differences in direc- 
tional antonym errors, as well as for the low 
percentage of absolute antonym errors for 
pretty-ugly and hot-cold. . 

The four comparative | constructions.— 
There were four types of syntactic construc- 
tions in the present study: positive and 
negative comparative and positive and nega- 
tive equative. To show the errors among 
them independent of the adjectives they con- 
tained, Table 3 tallies only those responses 
which preserve the underlying adjective of 
the presented sentence; it is derived from 
Table 1 by collapsing across marked and un- 
marked adjectives. The exemplary adjec- 
tive throughout this discussion is good. 

As noted previously, Ss preferred in re- 

call to give positive over negative construc- 
tions and constructions meaning "greater 
than" over those meaning "greater or equal." 
"These preferences, it is claimed, result from 
specific errors away from the nonpreferred 
"greater or equal" and negative construc- 
tions. 
Consider the positive-negative attribute 
first. There were 420 negative to positive 
errors, but only 144 positive to negative 
ones. That is, 74% of the errors on this 
dimension were towards the positive. 
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As for the second kind of errors, there 
were 424 errors towards "greater than We 
structions, but only 242 errors towar 
“greater or equal” constructions; 65%, 9 
the errors were in the predicted dite 
These errors, furthermore, were mets 
independent of comparative and equative nee 
structions as syntactic forms. When "i 
presented and recalled sentences were ied 
tive, 69% of the errors interchanging noel 
parative and equative were towards the iet 
parative, the construction meaning | ut % 
than.” But when both were negative, = ^ 
of these errors were towards the equative, 
the construction meaning “greater anal 
Overall, there were about as many eo 
towards the comparative as towards ae 
equative, 348 to 308. The Ss, then, we 
not making errors based on the ae y 
properties of the sentences. Rather, à 
made errors on a semantic property reco d 
ing "greater than” constructions 1 place 
"greater or equal" ones. f the 

Finally, Ss preserved the order 9 39% 
two nouns of the presented sentence 19 the 
of the recalled sentences. That 15, for 4 
presented sentence, The girl isn’t as d 
the boy, Ss almost always constructet , 
sentence with the girl and the boy gu ee 
the original left-to-right order. Fur sib 
more, they recalled the first noun (the ot 
ject of the sentence) better than the un a 
Of the sentences tallied in Table 1, e "a 
were 396 in which either the subject oF P” 


TABLE 3 
MATRIX or CONFUSIONS FOR Four COMPARISON CONSTRUCTIONS 


Recalled form 


Presented form 


Totals 
I I In IV 
I. A is better than B. 517 91 26 31 66s 
II. A is as good as B. 41 436 16 15 5 
IIL. B isn’t better than A. 3 4 272 76 s 
IV. B isn't as good as A. 9 1 135 325 41 
Subtotals 570 538 449 AAT 2004 
V. B is better than A. 37 14 107 99 m 
Il’. B is as good as A. 7 49 57 69 s 
III’. A isn't better than B. 27 29 16 4 8 
1V^. A isn't as good as B. 32 33 i 22 : 
Subtotals 103 125 191 194 613 
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cate noun of the presented sentence was 
missing or wrong. Of these, 6396 had the 
correct subject, and only 3776 had correct 
predicate nouns, a difference significant at 
p < O01, sign test. This percentage was 
the same whether the noun order had been 
preserved in recall (63%) or not (6296). 
That is, it was the subject of the presented 
sentence, not of the recalled sentence, that 
was well remembered. 

The recall of noun order appears to be 
relatively independent of the memory errors 
towards positive sentences and towards 
"greater than" sentences. Errors towards 
the positive occurred 73% of the time when 
noun order was preserved and 79% of the 
time when it was not preserved. Similarly, 
errors towards “greater than" sentences OC 
curred 59% of the time when noun order 
was preserved and 67% of the time when it 
was not preserved. 


Discussion 


It has been argued throughout that remem- 
bering sentences is à reconstructive process. 
A person retains only bits and pieces of what 
Was presented to him and later uses them to 
reconstruct what he thought was presented. 
The present proposal is that he retains se- 
mantic information. Evidence for this argu- 
Ment shows up on two levels—on the lexical 
level in the remembering of an unmarked ad- 
jective for its opposite and on the syntactic 
level in the remembering of one comparative 
Construction for another. 

Memory for polar adjectives.—In the intro- 
duction, comparative sentences like 4 is bet- 
ler than B were shown to consist linguistically 
9f the conjoining, by various transformations, 
Of two base strings, 4 is good and B is 
good, The present Ss clearly tried to preserve 
the sense of these primitive constituent sen- 
tences, not the meaning of the relation de- 
Scribed, for they often recalled A is better 
than B as A is as good as B, or as A isn't 
aS good as B, or as B is better than A. In 
y ese instances, Ss have preserved the under- 
lying base strings while making gross errors 
m the relation described. At the same time, Ss 
almost never recalled 4 is better than B as 
p $ Worse than A or as A isn’t as bad as 
Ma sentences t > 

lation as the presented one, but which con 
an different base strings. 
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that Ss stored the base strings—A is good 
and B is good—separately from the relation 
between A and B—that A is higher on the 
goodness scale than B. 

When Ss did forget the base strings under- 
lying the comparative sentence, they often re- 
placed one adjective by its opposite. These 
errors were predominantly towards the un- 
marked adjective, supporting the theory that 
marked adjectives are stored with one se- 
mantic feature in addition to those of its corre- 
lative unmarked adjective, and that this fea- 
ture is sometimes lost in memory. This finding 
is consonant with several previous studies on 
free associations (Greenberg, 1966; Marshall, 
1968) and on speed of comprehension (Clark, 
1969a, 1969b). 

The base strings underlying a comparative 
sentence can be viewed more generally as the 
syntactic presuppositions of that sentence. Un- 
derlying John is sadder than Mary are the 
presuppositions that John is sad and Mary is 
sad. Not all nouns that enter into comparative 
sentences, however, are neutral vis-à-vis syn- 
tactic presuppositions. For example, the sen- 
tence. This genius is stupider than that ge- 
nius, sounds highly incongruous, clearly be- 
cause its presuppositions sound incongruous: 
This genius is stupid and That genius is 
stupid. The word genius has its own lexical 
presuppositions—that geniuses are inherently 
intelligent. 

The results show the influence of both syn- 
tactic and lexical presuppositions. Syntactic 
presuppositions, as noted earlier, were well 
remembered, but lexical presuppositions ap- 
peared to have an additional influence on the 
reconstruction of a sentence at recall. Take, 
eg. clean-dirty, the one adjective pair which 
did not show the tendency for errors to go in 
the direction of the unmarked adjective. Sev- 
eral of the nouns used with clean and dirty 
might be more commonly described as dirty 
than clean: carpenter, plumber, Ford, Chevy, 
hand, or foot. For these nouns, an S who had 
forgotten the syntactic presuppositions would 
reconstruct a sentence having base strings con- 
gruent with its lexical presuppositions, i.e. 
base strings containing dirty. This would ac. 
count for the bias towards dirty, the markec 
form. (Additional evidence for the interac 
tion of lexical and syntactic presupposition 
appears in the data of Wallis & Audley, 1964 
and Audley & Wallis, 1964.) The question re 
mains whether lexical presuppositions migl 
not account for the more general bias towarc 
the unmarked adjective. The answer appeai 
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to be no, for the bias showed up for a sizable 
cross section of nouns and adjective pairs, and 
particularly for pairs like happy-sad, old-new, 
and good-bad which do not describe lasting or 
characteristic attributes of objects. The bias 
towards the unmarked adjective is best ac- 
counted for by a simplification of the feature 
composition of the adjectives. 

Actually there is some doubt about whether 
hot of hot-cold and pretty of pretty-ugly are 
truly unmarked. The dimension for hot-cold is 
really warmth, and for pretty-ugly it is beauty; 
on the neutrality criterion, too, hot and pretty 
appear to be usually nonneutral or marked. 
These facts are reflected in the number of errors 
Ss made on these dimensions, The Ss inter- 
changed hot and cold in only 3% of their re- 
called sentences, and pretty and ugly in only 
6%; these errors were remarkably low com- 
pared to the 13-19%, Tange for the other six 
pairs. in pairs with a clearly unmarked 


and cold, and 
and, differ in a 
not confuse so 


pretty and ugly, on the other h 


more complex Way, so they did 
easily. 


Memory for c 


has been Shown tl 
than B, 


omparative constructions.—]t 
hat a sentence like 4 is worse 
is reconstructed from 


retained memories: first, its 
Syntactic Presuppositions, that A an 


) the theme of the sen- 
Sentence was an affirma- 


r the relation 


might be remembered Well bec. 
first in these sentences, there is an excellent 
alternative explanation, Semantically, the 
theme is the focus of attention in the sentence 


—what the sentence is about—whereas the 
other term is not. In rememberin 


TIDE sentences, 
therefore, Ss could be remembering the term on 
which the attention of the utterance was fo- 


cused. There is other evidence wh 
this account. For active and Passive sentences 
which differ in thematic emphasis, but not in 
“cognitive” meaning, the theme is better re- 
called ( Anderson, 1963; Coleman, 1965; Pren- 
tice, 1966; Turner & Rommetveit, 1968) ; 
theme also has important consequences on the 


ich supports 
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course of problem solving (Duncker, ud 
24), in the generation of sentences Peces 
1965; Prentice, 1967: Tannenbaum & piano 
1968), and in the interpretation of 7; John- 
(Clark & Begun, 1968; Johnson, 1967; 
son-Laird, 1968a, 1968b). : " 

Next, Ss often changed denials into amma 
tions, and hence remembered affirmations iye 
than denials. This finding supports aN da 
Pothesis that the denial feature which pooper 
Sentence as a negative was dropped from iter 
ory between study and recall. Such an DAS 
pretation is consonant with several ut 
Studies (Gough, 1965, 1966; Wason, 
Wason & ones, 1963). s 

Finally, Ss often reconstructed peii 
meaning "greater or equal" as ones ps be 
simply “greater than.” This, too, ca curs 
Viewed as semantic simplification. It ae P 
because the additional "equal to" — the 
"greater or equal” sentences is lost conci 
presentation of a Sentence and its recons 
tion. ai ail 

One last point of interest is a br ip] 
question in memory: How well were te us 
ferent sentences remembered? The answe "the 
the present results have shown, depends P son 
criterion for memory. For the loose Len ing 
of correct recall of one noun and the we 6 
adjective or its Opposite, the eight net For 
the present experiment were about equal. nofi 
the stricter criterion of whole or partial SP at? 
ymy, sentences that were positive or that eee 
tained unmarked adjectives were bener were 
called. For the tightest criterion, that o that 
batim recall, sentences that were positive, eatit 
contained unmarked adjectives, or that n o 
"greater than" were better recalled. . Pau: 
these levels is accounted for by the simp ih Ü 
tion of Semantic features, Thus, the streng! em- 
the present theory is that it accounts for agi 
ory at many levels—from remembering ee 
of a sentence to recalling the sentence ver 
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Five groups of eig 
block of 10 trials, 


1 trial was to 20 
and 9 trials 


pel 


The preparatory response (PR 
esis is the hypothesis th 
tioned responses (CRs) 
conditioned stimulus 
ie, following approp 
has greater reinforcem 
attractive. This hypothesis, which follows 
from the assumption that the law of effect 
applies to classical conditioning as well as 
to instrumental learning, has been supported 
by the results of observing response (R,) ex. 
periments in which R 


o is acquired in the ab- 
sence of differentia] reward (Perkins 


) hypoth- 
at classically condi- 
prepare S for un- 
(UCS) presentation ; 
riate CRs, the UCS 
ent value, i.e., is more 


trials than on the less 


trials. The difference between larg 
small-reward trial spe 
experimental group 


dvance- 
cue control group. S 


eymann interpreted his 


1 The experiment was run as an M 
at Emory University by the first author, The 
second author was the thesis advisor, hé re- 
search was supported by National Institutes of 
Health Grant HD00906 to the second author. 

? Requests for reprints should be sent to Charles 
C. Perkins, Jr., Department of Psychology, Kansas 
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ht rats each received a total of 160 runway trials. 
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In each 
lets in one color runway (e.g., black) 
ite) Tunway for 5 pellets. Groups 


box door was 
At asymptote 
more frequent, small-reward trials. 


— -reward 
results as indicating that on large-rew 


trials, S had not made appropriate d ee 
tory responses in the start box. Thus S "i 
more slowly to allow more time for pan 
tory responses to occur while he was in ec. 
Tunway. The control group had 10 td 
of differential cues before the start-box € 
was opened. During this time, S sS 
partially adjust his preparatory de punc an 
fore the Start-box door was opened and em 
gained less by an opportunity for furt 
adjustment than did experimental Ss. up 
Results for an additional control gro i- | 
indicated that When the same reward mie 
tude is provided on all trials, but one Mon 
runway is used nine tities as oftéi as the 
other, Tunning speeds are the same n a 
two runways at the end of training. und 
second experiment, Seymann (1969) fo n 
that with differential reward magnitudes ster 
Do differential prestart cues, Ss ran fas u 
to the more frequent condition and at abor 
the same speed to each when large- a | 
small-reward trials occurred equally War 
he present experiment is a parame o 
investigation of the effects of duration 


: . ec 
differentia] Prestart cues on running SP 
on small-reward 


Teward trials w 
a large reward, 
large-reward trials should 
tendency of Ss to slow down on large- ery 
trials in Order to increase PRs. Pyare 
attempt was made to keep the proce 


Comparable to Seymann’s (1969). 


METHOD 


a 
were 40 naive, male o 
either raised in the 


gut" 


Subjects. pe Ss “al 


awley derived Tats, 


CUE DURATION AND MAGNITUDE AND FREQUENCY OF REWARD 


University colony or obtained from suppliers. All 
Were 80-108 days old and weighed 224-328 gm. at 
the beginning of the experiment. Age, weight, and 
Source were counterbalanced for groups. 
"Apparatus. The apparatus consisted of a pair of 
Parallel alley runways, one white and the other 
lack. At one end of the runways there was a 
Single Bray prestart box, 12 in. long, with two 
doors Opening into the two parallel 18-in. start 
boxes, which were the same color as their respec- 
tive runways. At the other end of the 36-in. 
nunway Were two 18-in. goal boxes, also corre- 
SPonding in color to their respective runways. 
Tay guillotine doors separated the prestart box 
from the two start boxes, and double guillotine 
doors Were mounted at the entrance to the runways 
ae at the goal boxes. All sections of the apparatus 
lad clear Plexiglas tops. The doors leading from 
1€ prestart box were manually operated, but the 
loors leading from the start box to the runway 
Were Operated by release of a catch freeing a 
counterweight which raised the doors mechanically. 
, Three Hunter photocells were located at points 
Just beyond the door opening into the runway, the 
SCOR Opening into the goal box, and at the food 
tee at the end of the goal box. Standard Elec- 
Ne timers were used to measure starting latency 
time from opening of the start-box door and trig- 
dp the first photocell), running time in the 
t nway (3 ft), and goal approach time (time be- 
Ween entering the goal box and reaching the 
Cup 1 ft, away). All measurements were to 
Carest 10 msec. . 
i Umination was provided by a single € 
“andescent lamp, 3 ft. to the rear and 3 ft. above 
tefl Prestart box, The lamp was mounted in a 
me ctor and aimed at the ceiling of the BUS. 
ental room, so that the bounce light illuminate 
oF entire apparatus fairly evenly. A white moise 
ex db. (SPL) was on whenever Ss were in 
Perimental room. 
i rocedure.— Fiye groups of eight Ss each wm 
Alp @ Squads containing one S in each mE 
bog, 5 Were run at 80-85% of their free-feei = 
the Weight and were randomly assigned to "yc 
at (h © Broups. The Ss were fed once eac a 
conclusion of the experimental session, k 
Were Was available at all times except weet | s 
haq ..!! the experimental apparatus. When Y d 
of, leached running weight, they were BIV en Lie 
39 “PParatus exploration, after which they rec 
Aa Pellets in their home cages. 7 oh die 
App, 5 received a total of 160 tria Er. 
9n dratus, 5 trials on Days 1 and 2 we Hee 
nee po Of Days 3-17 inclusive. pee em 
in que fWeen groups was the length of € SE ie 
Mise Start box, ie, duration of exp 


Minative cues, 


the n 


Sach trial, Ss were placed in the gray P 

box for 10 sec. At the end of this pn 
9f the two doors opened, exposing $ to a the 
start po OF a white start box. The nÉ The 
OX was closed behind S upon his Ww Hie ed in 
"Oups 0, 3, 9, 27, and 81 were delay 
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the start box for 0, 3, 9, 27, or 81 sec., respectively. 
For Ss in Group 0, the door leading into the run- 
way was open at all times. For other groups, 
the door into the runway was opened at the end 
of the delay period. The goal box contained 
either 5 or 20 45-mg. Noyes pellets. On 9 of the 
10 trials in a block (eg, on 1 day), the start 
box, alley, and goal box were one color (e.g., 
black) and the reward magnitude was 5 pellets. 
On 1 of the trials (the test trial), the start box, 
alley, and goal box were the opposite color (e.g., 
white) and the reward magnitude was 20 pellets. 

The 20-pellet trials came in each ordinal posi- 
tion from 3 to 10 on 2 of the 16 10-trial blocks. 
The ordinal position of the test trial was unpre- 
dictable and was never the same for two Ss in a 
group on the same day. 

Color of the 20-pellet runway was black for three 
squads and white for three. In the remaining 
two squads, three Ss were run on one color-reward 
combination and two Ss on the other to check for 
possible effects of greater use within a squad of 
one alley than another. Each of the five Ss was 
run on 1 trial before the first S' received his next 
trial. After the first 20 trials, the intertrial inter- 
val was fairly stable at about 8 min. 

Measures of runway time and goal-box time were 
recorded for each S on each trial. Measures of 
starting latency were available for all Ss except 
those in Group 0. 


RESULTS AND DISCUSSION 


As a check on possible effects of pre- 
dominant use of one alley within a squad, 
two of the eight squads were run with the 
color of the more frequently used (five- 
pellet) runway alternated for successive Ss 
in the squad. Since the results for these 
squads did not differ systematically from 
those of others, predominant use of one alley 
cannot explain the results reported subse- 
quently. 

To provide measures similar to Seymann's 
(1969), all measures were converted to run- 
ning speeds by taking reciprocals of time 
scores for each measure on each trial. Mea. 
sures on the first two trials of each day 
have been omitted from all data analyses to 
eliminate variability resulting from warm-up 
effects and to keep measures comparable to 
Seymann's. Such warm-up effects were ap- 
parent in the present experiment as in 
Seymann's. 

Figure 1 shows mean speed in Ít/sec (47 
running time) for runway and goal box com- 
bined on large- and small-reward trials 
separately for the last 3 days. It will be 
noted that there is a systematic tendency for 


tn 
E 
[o 


4.00 A-——— SMALL REWARD 


9— — — LARGE REWARD 


Sy 
3.00 


2.50 


o 3 9 


27 8l 
START BOX DELAY (GROUPS) 


MEAN OF SPEEDS 
| 
g 


Fic. l. Mean Speed for Tunway and goal box 
combined for each Broup on the last 3 days of 
training. (See text for details.) 


the differences betw 
reward trials to decr. 
time increases, 
ordered in the predicted way du 
alone only 1 time in 120. A si 
Sis of variance was also Significant, F (4, 


35) 2402, p< 01. Thus the predicted 
relationship was obtained. 
Trends were similar 


een large- and small. 


but less reliable for 
X measures Separately, 


f runway speed dif- 
ferences was significant, F (4, 35 


< .05, but goal-box Speeds were 
35) = 1.51, p > 10. 

Speed differences have been 
rather than separate speed measu 
and small-reward trials, beca 


not, F (4, 


emphasized, 
Tes on large- 


Thus they 
tive. 


they 


arge reward 
rather than increase speed to small reward. 


Examination of Fig. 1 indicates more of a 
tendency for small-reward speeds to be 4 
negative function of cue duration than for 
large-reward speeds to be 4 Positive func. 
tion. However, a simple analysis of variance 


CARRELL ANN DAMMANN AN 


D CHARLES C. PERKINS, JR. 


of mean speeds for large-reward (os En 
the last 3 days combined indicates «^ e 
differences are not significant, F (4, 3 in 
1.59, p > .10. Only the difference € x 
were sensitive enough to pick up a significa 
ffect. 

: The failure of Ss in even Group 81 a 
run faster to large reward than to ye 
Teward suggests that 81 sec. may a De 
long enough for a change in the ed. ie: 
complete. Valle (1968) has reporte with 
nificantly more eating with 60- than iy" 
15-min. exposure to feeding-related di 
finding which suggests that some compo 
PRs may take longer than 15 min. ET 

Further work is needed to arse 
start-box delay affects running speed Us 
receiving only one reward magnitude. inen 
the effect of different proportions of us 
and small-reward trials when there are ther 
ferential prestart cues demands fur 
study. 

The results make it quite clear that tis 
important variable in within-S reward ar 
nitude experiments is prestart ps pee 
cues. It is not clear from reports of in 
experiments (e.g., Bower, 1961 ; ae 
& Russotti, 1967) whether or not there sable 
Such cues. In future work this vari 
should be controlled and specified. 
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RECOGNITION MEMORY FOR ITEM AND 
ORDER INFORMATION? 


WAYNE DONALDSON ? anp HERTA GLATHE 


University of Pittsburgh 


A short-term recognition memory task was designed to provide signal 
detection measures of the retention of both the items presented and the order 
in which the items occurred. The results indicate that the receiver-operat- 
ing characteristic (ROC) curves for both types oí information can be 
characterized as resulting from underlying, overlapping normal distributions. 
An adequate description of the retention of order information appears not to 
require an assumption of probabilistic incrementation based on attention to 


only part of that information. 


The distinction between item information 
and order information is important in con- 
Junction with a number of areas of investi- 
Sation within the field of verbal learning and 
memory, It is of central concern in the 
Work on order errors in immediate sequen- 
tial recall tasks (Conrad, 1965) and to the 
related psychological models such as sug- 
Sested by Crossman (1960). It has bearing 
9n the research aimed at specifying the stim- 
Ulus in serial learning (Young, 1968) ; and, 
m some respects, the item-order distinc- 
tion is not different from the hypothesized 
Tesponse integration and associative learn- 
ing phases of paired-associate learning (e.g., 

nderwood & Schultz, 1960). What is 
lacking is an appropriate experimental tech- 
Nique for separating the acquisition and/or 
Tetention of item and order information. 

In a recent paper, Norman and Wickel- 
Sren (1965) developed a model which, if 
t can be supported, has direct implications 
.9T the distinction between item and order 
"formation, In an analysis of short-term 
Tecognition memory for single digits and 


' This research was performed pursuant to a 
TOhtract with the Office of Education, United States 
t “partment of Health, Education, and Welfare, to 
Us Learning Research and Development Center, 

niversity of Pittsburgh. Contractors undertaking 

Ch projects under Government sponsorship are 
“couraged to express freely their professional 
Udement in the conduct of the project. Points of 
Bp Or opinions do not, therefore, necessarily 
esent official Office of Education position or 

Icy, 

3 Requests for reprints should be sent to Wayne 
or aldson, Department of Psychology, University 

Pittsburgh, Pittsburgh, Pennsylvania 15213. 
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pairs of digits, Norman and Wickelgren ob- 
tained fundamentally different receiver-op- 
erating characteristic. (ROC) curves for 
single digits and digit pairs. The single- 
digit ROC was a smooth, continuous func- 
tion, as expected, assuming the underlying 
strength distributions of new and old items 
to be Gaussian in nature. The ROC curve 
for digit pairs, however, appeared discon- 
tinuous, being best described by two linear 
components. The a posteriori probability 
curves actually indicated the lower limb of 
the ROC to be curvilinear, suggesting that 
Ss were capable of ordering their confidence 
ratings above a low threshold. Norman 
and Wickelgren proceeded to develop a 
model based on the assumption that Ss at- 
tend to nonoverlapping pairs of digits, the 
consequence being that only some of the 
pairs of digits are incremented in strength as 
a result of presentation. While this prob- 
abilistic incrementation model appears cap- 
able of handling the data, a second inter- 
pretation is possible. In constructing the 
digit-pair ROCs, Norman and Wickelgren 
plotted the conditions involving two old 
digits against the condition involving two 
new digits. These two conditions cannot 
be differentiated by a binary decision in 
that an S can (a) reject the alternative that 
both digits are old without accepting them 
both as new and (b) reject the possibility 
that both digits are new without accepting 
the proposition that both digits are old. The 
result is that the ROC plot of the condition 
involving two old digits against that involv- 
ing two new digits compares conditions 
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which never come directly into contact with 
each other in the sense that a binary decision 
about one of the numbers in the pair elimi- 
nates one of the digit-pair alternatives, but 
does not confirm the other. Further, the 
earlier decisions precede any decision con- 
cerning the order of two old digits. Basic- 
ally, then, this comparison involves three 
decisions by S, two decisions regarding the 
nature of the items (item information—old 
or new), followed, in those cases where both 
digits are classified as old, by a decision 
regarding the order of the digits (order in- 
formation—same or reverse). To measure 
properly the retention of order information, 
which is the crux of the probabilistic incre- 
mentation model, any possible confounding 
with item information must be removed. 
The present study was designed to eliminate 


the confounding between item and order 
information. 


METHOD 


The method employed was similar in some re- 
spects to that used by Norman and Wickelgren 
(1965). On cach trial, S saw a series of five 
different single digits (the tar 
sented at a rate of à sec/digit, 
after 4 sec, by an interv 
sampled with replacem 
same rate. For exampl 
followed by 6, 3, 9, 6, 
were filmed and presented by mea 
animatic projector. Each of the 1 


digit-pair probe, S having no kno 
hand of which would occur. 
probe number(s) on her answ 
recorded her response. When 
single digit, S was required to 
or not she thought that it had 
target series. When the probe w; 
knew through the instructions that both digits had 
occurred adjacently in the target series and was 
required to indicate only whether she thought the 
probe pair to be in the same or reverse order as 
in the target series. Responses to both single digits 
and to digit pairs were followed by a confidence 
rating on a five-point scale ranging from guess to 
sure. The Ss had 15 sec. in which to respond prior 
to the warning signal immediately preceding the 
tion of the next series, 
EE replication required. 18 trials, 10 
trials with a single-digit probe, 8 with a digit-pair 


occurred in the 
as a digit pair, S 


e—o P 


2.00 


d 


x 


1.00 
| 2 3 4 5 
SERIAL POSITION . 
Fic. 1. d for single digits (SD) and digit pairs 


probe, 


(P) as a function of serial position. 


TE old 
Five of the single-digit probes were 


A A : from 
items, having occurred in the target series, P re-digit 
cach serial position. The other five sing 


probes 
target 
in the 


E s in the 
Were new items, not having [ages were 
series. Four of the digit-pair pro c from 
same order as in the target series, on 


B ining four 

each adjacent pair of digits. The remaining 

were the adjacent pairs in reversed order. ts, each 
All Ss responded to six blocks of 18 lists, ea, 


block 
tions. 
same o 


P Bona ondi- 
representing a total replication, of in the 

All Ss saw the same digit lists repare 
rder, the order of probe cards being p. 


very 
according to 18 x 18 Latin squares such that € 


4 "n each 
Tesponded under a different condition to 


Ss 
list. In other words, although each of m E. 18 
Saw the same list of 13 digits on Trial 1, | the 


$ Pi in 
experimental conditions were represented 


probes 


used for that list, 


RESULTS 


Nine different ROC curves can be de- 


rived 
serial 


he 
from the 18 conditions, five y Por 
positions of the single digits and 


95 irs. 
for the serial positions of the digit Pight 
The nine curves are all well fit by stra 


lines 


a 
on double probability paper and 


y N the 
have slopes close to 1.0. Figure 1 p as 
d' values for each of the 9 Gba o 
calculated from the point of intersectio 


the Ri 


: oth 
OC with the negative diagonal. P 


i " A imacy 
single digits and digit pairs show a prim 


and a 


Curve 


recency effect. 


à j oc 
Combining over serial positions, two R 


ive 
A nes lativ 
S, one for single digits—a cumu 


I t- 
plot of the conditional probability of T^ 


ing j 


i š ing J ? 
oF stricter given old against rating 
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stricter given new—and one for digit pairs— 
a plot of probability of rating j or stricter 
given same order against rating j or stricter 
Siven reversed order—can be obtained. 
These curves are shown in Fig. 2. The 
curve for single digits is the same smoothly 
changing, continuous function reported by 
Norman and Wickelgren (1965), although 
the curve in Fig. 2 appears to be slightly 
higher than theirs (d' = 1.58, as compared 
to d' = 1.16). The curve for digit pairs also 
appears to be a smooth, continuous function 
rather than the discontinuous curve reported 
by Norman and W ickelgren. 

, Figure 3 shows the a posteriori probabil- 
ity curves for the single digits and the digit 
Pairs, and both appear to decrease across the 
full scale rather than reflect the previously 
found inability of Ss to order their ratings 
below some threshold in the digit-pair con- 
dition, 


DISCUSSION 


First of all, it must be stressed that the 
Present study does not eliminate any interaction 
that might exist between the retention of item 
and order information. It is probably true that 
1 S remembers little about what items were 
Presented to him, his performance on the order 
m which the items were presented would be 
Very poor. This means that performance for 
Order information is limited, to some extent at 
Cast, by performance on individual items. What 
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Pis, 2. ROC curves for single digits (SD) and 


digit pairs (P) combined over all serial positions. 
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Fic. 3. A posteriori probability curves for single 
digits (SD) and digit pairs (P) combined over all 
serial positions. 


this experiment has eliminated is the confound- 
ing between item and order information in the 
measure of order information. While the d' 
values for the retention of order information 
presented here are constrained by whatever 
loss of item information occurs, the measure 
per se is not confounded. That is, this paper 
provides a technique for the experimental sepa- 
ration of the theoretically important distinction 
between item and order information. 

Clearly, when the confounding is removed 
from the Norman and Wickelgren (1965) pro- 
cedure, the ROC curve for retention of infor- 
mation regarding the order in which items oc- 
curred is continuous. This is not really sur- 
prising in the light of other data. Murdock 
(1965), e.g., found continuous ROCs in a rec- 
ognition experiment using a paired-associate 
probe technique in which the X term of the in- 
correct A-X pairing was the B member from 
either the preceding or succeeding pair. In 
effect, this represents a task in which S's de- 
cision concerns the ordering of information, to 
the extent, at least, that he is not concerned 
with whether or not an item was presented, but 
rather whether the items were presented in this 
particular order. 

Finally, it is interesting to note that in a 
recent theoretical article by Bernbach ( 1967), 
a probabilistic model is also presented, although 
it is approached from the other end, viz., prob- 
abilistic forgetting, rather than incrementation, 
of information. Of the data in the literature, 
however, the ROC curves are generally well fit 
by a smooth, continuous function (see, e.g., the 
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ROCs presented by Donaldson & Murdock, 
1968; and Egan, 1958), although we must heed 
Murdock's (1969) warning that the shape of 
the ROC is a very insensitive test of any model. 
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RESPONSE LATENCY AS A FUNCTION OF INTERSTIMULUS 
INTERVAL IN CONDITIONED EYELID DISCRIMINATION? 


WILLIAM E. VANDAMENT ? 


State University of New York at Binghamton 


Two laterally separated CSs, one with a 400-msec. interstimulus interval 
(ISI) and the other with an 800-msec. ISI, were presented in a random 


sequence to each experimental S in an eyelid conditioning experiment. 


The 


majority of experimental Ss gave more short-latency CRs to the 400-msec.- 
ISI CS than to the 800-msec.-ISI CS and more long-latency than short- 
latency CRs to the long-ISI CS. The distributions of CR latencies appeared 
fairly specific to each interval aíter 80 trials, with some indication that the 
CS with the 800-msec. ISI elicited both conditioned and generalized responses. 


Latency of the eyelid CR has been shown 
to covary with the interstimulus interval 
(ISI) in several studies (Boneau, 1958; 
Ebel & Prokasy, 1963; Prokasy, Ebel, & 
Thompson, 1963). In the study by Prokasy 
€t al., latencies increased monotonically with 
Progressive shifts to longer CS-UCS inter- 
vals throughout the 630-2,497 msec. range 
Investigated. Ebel and Prokasy, using in- 
tervals of 200, 500, and 800 msec., observed 
appropriate latency changes whether shifts 
Were made in the direction of increasing or 
decreasing the ISI. In these investigations, 
Sach ISI was held constant for relatively 
Ong segments of acquisition, i.e., for 40-60 
trials in the Prokasy et al. study and for 
blocks of 400 trials in the Ebel and Prokasy 
Study, 

Kimble, Leonard, and Perlmuter (1968) 
analyzed latency characteristics of CRs in 
an investigation of the ISI and between- vs. 
Within-Ss designs. The random alternation 
9f one CS having an ISI of 500 msec. with 
à second CS at a 1,200-msec. ISI in the 
Within-Ss condition was found to increase 
le number of short-latency CRs given to 
the long-ISI stimulus over that observed 
When intervals were manipulated between 

S. Further, the frequency of such short- 
latency CRs diminished rapidly when the CS 


S * This study was supported in part by National 

cience Foundation Grant GB-4492. Data analyses 

Tere Performed by the Computing Center, State 
Diversity of New York at Binghamton. 
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with the short ISI was no longer reinforced, 
leading to the conclusion that these responses 
were generalized from the short-ISI stim- 
ulus. 

These results suggest that if two highly 
discriminable CSs, having different CS-UCS 
intervals, were presented in a random se- 
quence, as in the typical differential condi- 
tioning situation, Ss might learn to respond 
with CRs of a characteristic latency to each 
CS. In the present investigation, latency 
and frequency measures were obtained for 
two such laterally separated CSs, one having 
a 400-msec. ISI and the other an 800-msec. 
ISI. A control group was given training 
with one CS having a 400-msec. ISI and the 
other CS, a 2,500-msec. ISI found not to 
produce CRs during the initial 800-msec. 
period (Prokasy et al., 1963). This control 
condition provides an 800-msec. scoring in- 
terval for the 2,500-msec.-ISI CS which 
should contain generalized responses and 
spontaneous blinks as a base line for evalu- 
ating responses to the 800-msec.-ISI CS of 
the experimental condition. 


METHOD 


Apparatus—The Ss were seated in a straight- 
back chair with cushioned chinrest in a sound- 
treated, semidarkened room facing an enclosed 30 X 
30 in. flat black panel on which the visual stimuli, 
increases in luminance of one of two milk-glass 
disks, were presented. These disks of 5-cm. 
diameter were separated laterally at their centers 
by 15 cm. and were centered on the panel, which 
was approximately 40 in. from the S's eyes. The 
enclosure was 46 in. in depth and was also flat 
black. Ambient illumination and framing of the 
stimulus panel was provided by two clear Plexiglas 
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f 25-i iameter which extended 25 in. in a 
dui a ds top and pers of fhe — 
ere each lighted by two 7-w. bu s 
te ee ends and were of .02-.03 uS 
ftc. along their suríaces. A visual ready sei 
and fixation point consisted of the onset Of a J = 
diameter green indicator light of .95 apparent ite. 
Teed midway between the visual CSs. A white- 
noise generator was used to mask apparatus aa 
from the adjacent E's room. The UCS, à cornea 
air puff, was delivered via a compressed air-tank- 
solenoid-valve system, and eyelid movements were 
recorded by means of a Potentiometer-polygraph 
system described elsewhere (Vandament, 1969). 
Duration of stimuli and ISIs were controlled by 
a series of Hunter decade interval timers, 
Procedure.—For experimental Ss, one CS was 


400-msec. (short-ISI CS) and 800-m: 
CS) duration. The Ui 
50-msec. duration delivi 


ready-signal-CS intervals having 
and a 2-4 sec, range. 


24 male and 16 fe 


Response frequency 
short-ISI CSs and 
separately for the initial and final 400-msec, seg- 
Since more than one 

the pen was de- 

E returned to the 
llowing the initia] 
be recorded during 
both 400-msec. periods On each 800-msec, trial, 
mployed on the a 

€ than one IST was 
first response to the 
mask the latency of 
d response from the 
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short-ISI CS had occurred, and (b) pen 
only those responses which overlapped. the oe 
(cf. Prokasy et al, 1963) might cue La 
eralized responses from the short-ISI CS and r 
in spuriously efficient latency differentiation. 


RESULTS AND Discussion 


Percentages of CRs given to the cos 
with the short ISI and to the two S pex 
of the long-ISI stimuli in blocks of 20 iam 
appear in Fig. 1. These data, as well as ana 
latency data which appear later, v A 
sponses from four experimental and wq 
control Ss who met a slope criterion nd 
“voluntary” responding. Although CR : 
tencies for these Ss were on the — 
lower than the latencies of other Ss, no gros 
deviations in relative latency or feque 
characteristics to the two stimuli were eim 

Two indexes of differentiation are er 
in this situation: (a) a comparison o jor 
CSs with regard to responses occurring zw 
to 400 msec. and (b) the relative pie c 
of short- and long-latency responses gi si 
to the 800-msec.-TST stimulus, These a 
subsequently referred to as short-latency a 
long-ISI indexes, respectively. E 

An analysis of variance related to m 
latency differentiation was performe Jas 
which the single between-Ss variable al 
acquisition group (experimental vs. ee 
while within-Ss effects consisted of CS- of 
interval (short-ISI CS vs, 160-400 wi dm 
the long-IST CS) and trial blocks. A 5 
nificant IST effect, F (1, 38) = 37.84, am 
001, verifies the reliability of the we é 
response levels which are observable for ap: 
Short-ISI stimuli in each acquisition ETSI 
The absence of 4 significant Groups X 20 
interaction and the finding that 19 of uw 
experimental Ss and 1g of the 20 e si 
Ss gave more CRs to the short-ISI CS t 
to the initia] Portion of the long-ISI was 
Suggest a Short-latency differentiation 
Present for both groups. I CS5 

he initial segments of the long-IS onl 
display increments in responding hort- 
through the third block of trials. The s d 
i». Stimuli, however, are characterize e 0 
Increases in response levels to the z 
acquisition leading to a significant "T 
Trials interaction, F (4, 152) — 8.68, the 
01. € increments observed from 
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fourth to the fifth blocks in the short-ISI 
functions suggest that learning may not 
have been completed in the 100 trials given 
80 that conclusions cannot be drawn regard- 
ing asymptotic response levels. 

As can be observed in Fig. 1, response 
levels during the 401-800 msec. portion of 
the long-ISI stimulus increase with trials 
for the experimental group in the monotonic 
fashion usually associated with an acquisi- 
tion process. An analysis of variance was 
performed on numbers of responses given 
during the final 400 msec. of the long-ISI 
Stimulus in the experimental and control 
Conditions, with a resulting groups effect, F 
(1, 38) = 28.69, p < 001, and Groups x 
Trials interaction, F (4, 152) 2911, p< 
001. The increments observed during this 
401-800 msec. period in the experimental 
Condition were also associated with a pre- 
Ponderance of long-latency responding to the 
800-msec.-ISI stimulus, with 17 of the 20 
experimental Ss giving more than 50% of 
their responses to that stimulus during the 
Second 400 msec. An analysis of variance 
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comparing response levels during the 160— 
400 and 401-800 msec. portions of the long- 
ISI CS for experimental Ss was significant, 
F (1, 19) = 448, p < .05, providing further 
evidence that a long-latency differentiation 
was present. 

Another view of what appears to be an 
acquisition process for long-latency CRs in 
the experimental condition is given by Fig. 2, 
in which latency distributions to the long- 
ISI CSs are plotted for two periods of acqui- 
sition. The lack of congruence between the 
experimental and control conditions during 
the final 400 msec. of Trials 81-100 is re- 
lated to the development of a distinct 481— 
560 msec. modal range in the experimental 
group which is coincident with increased 
long-latency responding in that condition. 

The similarity of the experimental and 
control latency distributions for 1400 msec. 
during Trials 81-100 in Fig. 2 suggests 
further that some portion of the short-latency 
CRs in the experimental group can be re- 
lated to generalization from the short-ISI 
CS. Additional information in this regard 


EXPERIMENTAL 


ISI LONG ISI: 160 - 400 | LONG ISI: 401-800 


SOF SHORT ISI 


PERCENTAGE OF RESPONSES 
x 
o 


1234 5 | 


CONTROL 


234 5 ! 


LONG ISI: 401-800 
MSEC 


BLOCKS OF TWENTY TRIALS 


Fig, 1, 


f CRs to the short-ISI CS and to the long-ISI CS for experimental 
ie olei in five blocks of 20 acquisition trials (10 to each CS). 
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is based on findings in standard differential 
conditioning experiments that response prob- 
ability to the CS* and CS- for a given, or 
nth, trial is related to reinforcements or non- 
reinforcements on Trial »—1 (Moore, 
1964; Prokasy & Allen, 1969; Vandament, 
1969). In the present experimental con- 
dition for Trials 21-100, short-latency CR 
percentages to the 800-msec.-ISI CS follow- 
ing 400- and 800-msec. trials were 29% and 
20%, respectively, with long-latency percent- 
ages of 32% and 40% observed. Analysis 
of variance on these data yielded a Latency 
of Trial n X CS of Trial n — 1 interaction, 
F (1, 19) = 4.50, p < 05. This result is 
consistent with the Kimble et al. (1968) 
finding that the frequency of short-latency 
responses to a long-ISI CS covaried with 
the presence or absence of reinforcement to 
a short-ISI CS which was alternated with 
the long-ISI stimulus. Thus, although other 
factors may also have been involved in the 
production of short-latency CRs to the long- 
ISI CS, existing evidence indicates that gen- 
eralization from the short-ISI CS is re. 
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sponsible for at least a portion of such 
responding. ; 

Individual response patterns for experi- 
mental Ss show positive relationships be- 
tween all three scoring intervals when the 
data of 3 deviant Ss (who can be classi- 
fied as "short-latency" Ss by a 50% criterion 
applied to the long-ISI stimulus data) ie 
disregarded. For the remaining 17 rye 
Pearson r of 70, p < .01, was obtained CS 
tween response levels to the short-ISI m 
and to 160-400 msec. of the long-ISI p 
an r of .91, p < .001, between short-ISI e 
and 401-800 msec. responding; and an ? hs 
75, p < .001, between response levels in the 
two segments of the CS with the ME 
ISI. These results indicate a factor nu 
ing "responsiveness" to be present in ra 
data at all Scoring intervals, Further, Lov 
Some Ss were characterized by a shor " 
latency response pattern to both stimuli, cot 
responding long-latency patterns involving 
low response levels to the short-ISI CS N^ 
high levels to the final 400 msec. of the long 
ISI CS were not observed. In fact, ignoring 


a 
the data of the 3 short-latency $S, 


—— EXPERIMENTAL 
--- CONTROL 
TRIALS 41-60 


FREQUENCY 


TRIALS 81-100 


LATENCY ( MSEC) 


Fic. 2. Distributions of CR latenci 


es to 


the long- ; 
two periods of acquis: ater doring 


ition. 
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positive relationship between short-ISI re- 
sponding and long-ISI differentiation (per- 
centage of long-latency minus percentage of 
short-latency CRs to the long-ISI CS) was 
found, r = .54, p < .02. 

The short-latency and long-ISI differ- 
entiations observed in the present study differ 
Somewhat from results obtained by Kimble 
et al. (1968) for their within-Ss manipula- 
tion of the CS-UCS interval. This condition 
of Kimble et al., in which CS-UCS intervals 
of 500 and 1,200 msec. were used, did not 
result in a short-latency differentiation, as in 
the present study. Although not analyzed 
for long-ISI differentiation, the Kimble et al. 
data do suggest a dominance of long-latency 
Over short-latency responding to the long-IST 
stimulus, as found in the present experiment. 

An additional difference between the two 
Studies involves the relationship of short- 
latency responses to long-latency responses 
for a given long-ISI trial. In the pres- 
ent study, the occurrence of either a long- 
Or short-latency response tended to pre- 
clude the occurrence of the other on the 
Same trial. Two responses were scored on 
the same trial for 4% and 1% of the long- 
ISI trials in the experimental and control 
Conditions, respectively. During Trials 81- 
100, only 17.696 of the short-latency re- 
Sponses to the CS with the 800-msec. ISI 
Were followed by a long-latency CR in the 
experimental condition, while the long- 
latency response rate was 56% in the absence 
of a short-latency response. In the Kimble 
et al. (1968) investigation, 32% of the long- 
latency CRs to the stimulus with the long 
ISI followed a short-latency response given 
9n the same trial. It is possible that the 400- 
msec, difference between the intervals in the 
Present study did not allow sufficient time 
for two responses to occur with high proba- 
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bility, given the scoring criterion which re- 
quired a return to base line following the 
initial CR for the second response. 

In summary, the present investigation has 
demonstrated that it is possible for Ss to re- 
spond differentially to CSs whose reinforce- 
ment properties differ only with regard to 
CS-UCS interval. Further investigation is 
indicated to determine if such results are 
specific to the procedures employed in the 
present study and whether short- and long- 
latency responses are necessarily either posi- 
tively or negatively related within a given 
trial, as suggested by existing data. 


REFERENCES 


Boneau, C. A. The interstimulus interval and 
the latency of the conditioned eyelid response. 
Journal of Experimental Psychology, 1958, 56, 
464-471. 

Eset, H. C, & Proxasy, W. F. Classical eyelid 
conditioning as a function of sustained and 
shifted interstimulus intervals. Journal of Ex- 
perimental Psychology, 1963, 65, 52-58. 

KIMBLE, G. A., Leonarp, T. B., III, & PERLMUTER, 
L. C. Effects of interstimulus interval and 
discrimination learning in eyelid conditioning 
using between- and within-Ss designs. Journal 
of Experimental Psychology, 1968, 77, 652-660. 

Moore, J. W. Differential eyelid conditioning as 
a function of the frequency and intensity of audi- 
tory CSs. Journal of Experimental Psychology, 
1964, 68, 250-259. 

Proxasy, W. F, & Arren, C. K. Instructional 
sets in human differential eyelid conditioning. 
Journal of Experimental Psychology, 1969, 80, 
271-278. 

Proxasy, W. F., Eset, H. C., & Tuowrsox, D. D. 
Response shaping at long interstimulus intervals 
in classical eyelid conditioning. Journal of Ex- 
perimental Psychology, 1963, 66, 138-141. 

VaNDAMENT, W. E. Differential eytlid condition- 
ing as a function of CS-UCS interval and 
distance separating the CSs. Psychological Re- 
ports, 1969, 25, 407-411. 


(Received April 29, 1969) 


l af Experimental Psychology 
1900 dl. 82. No. 3. 566-570 


REACTION TIME AS AN INDEX OF REHEARSAL 
IN SHORT-TERM MEMORY? 


ROBERT F. STANNERS,? GARY F. MEUNIER, anp DONALD B. HEADLEY 
Oklahoma State University 


A short-term memory (STM) task was used in which the materials were 
visually presented trigram triads of two types, either easy (E-Pr) or 
A pretesting procedure was employed which 
a Ü-sec. retention interval. 
Ds received trials consisting 


rsal period of 7 sec., and a recall 
Signal. At one of four different times (1, 2, 4, or 6 Sec.) aíter the offset 


of the triad, a buzzer was sounded to which S' was to respond as quickly as 


possible by moving a toggle switch. Control (C) conditions involved only 
the RT task and not the STM task. 


al load decreases over time following 
-Pr than for D-Pr materials. 

Rehearsal is a Process assu 
place over a Period of several 
lowing the presentation of 


med to take 


] -sec. 
recall performance stemming from a 5 
Seconds fol- 


period of rehearsal as compared to a pra 
period was about 64% in the case of easy ‘hat 
Pronounce trigram triads, Tt appears m 
when initial acquisition is well below 10 : e" 
a short rehearsal period can exert a V 
substantial effect on recall, the 

Crowder (1967) has pointed out that ter- 
type of STM task exemplified by the De 
son and Peterson (1959) study bears p^ 
Portant similarities to methods used sis 
à assessing division of attention, The ba i 
produced by using backward counting as for this assertion is that during the rete” 
an interpolated activity. Since then, a very tion intervals of STM tasks, there is Pt 
large number of experiments have used sumed to be competition between quem. 
and the interpolated task. The Lou 
: a * experiment involved recall for five- 
Another way of inferring rehearsal from stimuli after 24-sec. intervals filled vith i 

a self-paced key-pressing task. A e 
and Meunier Process was inferred from the fact 
number of key pr as lower O 

s about 68% and re- memory trials than on pete trials, f 
hearsal intervals Were inserted prior to the which no recall task was involved. 
interpolated activity. The Overall gain in nother a a Mes the assessment 

1 This study was principally supported by a rehearsal Was suggested in a study ise- 
gr from the Oklahoma State University Re. Guilford and Ewart (1940). enon 
ioe for reprints should be sent to Robert ments from Popular magazines were um 
F. Stanners, Department of Psychology, Oklahoma tO Ss with the instructions that they W ing 
State University, Stillwater, Oklahoma 74074, later be tested on the material. At var 
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tional basis for a rehe 
introduced by Peterso 
convincingly demonstrated that s 


arsal process, A task 


L EL 


RT AS AN INDEX OF REHEARSAL IN STM 


times (3-6, 12-15, or 21-25 sec.) after the 
onset of the picture, an auditory stimulus 
Was presented, to which S was supposed to 
react as quickly as possible with a key 
release. Reaction times (RTs) were sys- 
tematically longer while S was studying the 
Picture as compared to a control condition, 
Which was a simple RT to the same audi- 
tory stimulus. It was also found that RT 
While studying the picture decreased from 
the 3-6 sec. period to the 12-15 sec. period. 

A technique similar to that of Guilford 
and Ewart (1940) was employed in the 
Present experiment to study rehearsal in a 
STM task. Interest was focused on re- 
hearsal intervals of 1-6 sec. because a pre- 
vious experiment (Stanners & Meunier, 
1969) indicated that the major performance 
Changes occurred within a 5-sec. rehearsal 
Period. An additional question was whether 
9r not the RT measure would reveal differ- 
ences in rehearsal for materials of different 
levels on the scale of pronounciability con- 
Structed by Underwood and Schultz (1960). 


METHOD 


Subjects—The Ss were 112 right-handed under- 
&raduates at Oklahoma State University. The 
Students received a small credit toward thcir final 
Course grades as an inducement to participate. 

Materials —Easy-to-pronounce (E-Pr) and diffi- 
Cut-to-pronounce (D-Pr) sets of trigrams were 
Selected from the pool scaled by Underwood and 
Schulz (1960). Within each set, the trigrams 
Were organized into 38 triads so that the letter 
Similarity within triads was very low and the range 
9 average Pr values within each set was minimal. 

detailed account of the selection and organi- 
zation of the trigrams may be found in Stanners 
| Meunier (1969). The triads were typed 

Orizontally on Radio Mats with a single space 

"tween each trigram and mounted in 35-mm. 
Slide holders. 

„+ Yocedure and design.—The S was seated at a 
distance of 2 ft. from a 12 X 12 in. Plexiglas screen 
pnto which the triads were back-projected to a 

“ight of 1.5 in. The basic presentation equipment 
nsisted of two Kodak Carousel projectors 
lipped with solenoid-operated shutters and pro- 
Érammeq by an eight-bank Lafayette timer. A 
Hunter Klockcounter was used to measure the RTs. 
Nderwood (1964) has pointed out that retention 
Studies comparing different types of material must 
“mploy acquisition levels below 100% to avoid the 
Possibility of differential overlearning effects. The 

"TDOse of the first (pretesting) portion of the 

Deriment was to establish an exposure duration 
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that would place each S at a standard level of per- 
formance (six to eight correct letters in correct 
positions) for a 0Q-sec. retention interval. The 
materials used in pretesting were 10 slides which 
were representative of the Pr values within a par- 
ticular Pr group. The exposure time for the first 
slide of the pretesting series was determined from 
pilot data and was .5 sec. for the E-Pr material 
and 5.0 sec. for the D-Pr triads. The screen 
was illuminated with a homogeneous blank field 
both preceding and following the presentation of a 
slide. A red pilot lamp mounted below the screen 
was used to signal the beginning of the recall period 
and came on with the offset of the triad. The S 
was instructed to write his recall on a scoring pad 
with spaces corresponding to the spatial arrange- 
ment of the slide. Over the nine trials of pre- 
testing which followed the initial slide, the exposure 
interval was increased or decreased until S reached 
the performance criterion of six to eight correct 
letters in correct positions. A 10-sec. maximum 
for exposure times was established, and two Ss 
in the D-Pr group were replaced on this basis. 
The Ss were allowed 10 sec. to write their recall, 
which was followed by a 20-sec. intertrial interval. 
Each new trial was preceded by a warning signal 
constituted by two blinks of a white pilot lamp with 
a l-sec. interval between blinks. All Ss received 10 
pretesting trials, regardless of the number of trials 
(fewer than 10) actually required to establish 
the criterion time. The exposure time which pro- 
duced the criterion performance was used through- 
out the second portion of the experimental session. 

In the second phase of the experiment, the E-Pr 
and D-Pr experimental groups (E-PrE and D- 
PrE) received the following procedure. A triad 
was shown for the duration established during pre- 
testing. The offset of the slide was followed by a 
7-sec. (rehearsal) period before the onset of the 
recall signal. At one of four different times (1, 
2, 4, or 6 sec.) during the rehearsal interval, a 
buzzer was sounded to which S was to respond as 
quickly as possible by moving a toggle switch held 
between thumb and forefinger of the right hand. 
The buzzer intervals (BI) were scheduled ran- 
domly, with some constraints, to be noted later, 
in the comments on the balancing of the experi- 
mental variables. The only instructions Ss 
were given concerning the rehearsal period were 
that their main task was to remember the material 
accurately and that they were to respond as quickly 
as possible when the buzzer sounded. The com- 
bined recall period and intertrial interval was 30 
sec. 

A finding by Foley (1959) that RT can be 
affected by the onset of the foreperiod indicated that 
two control groups (E-PrC and D-PrC) should be 
used. If the presentation of the triads for the E 
groups is considered the foreperiod signal, there 
would be a substantial difference between the E-Pr 
and D-Pr groups in the duration of the signal. 
Each experimental (E) S had a control (C) coun- 
terpart. A given C S received a foreperiod signal 
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S— ———a J.P; 
9—————5 E.PrE 
S-— ——a D.PrC 
E-PrC 


- 


he E and C conditions 
between-Ss Conditions, with 28 
Ss used in each of the four subgroups. 

€ subgroups, with the 
not be assigned to a 


been assigned 
There were 14 Ss of each 
e four subgroups, Buzzer 
variable, with seven 


Twenty-eight different orders of the BIs were used, 


REsuLTS 


Pretesting data.—The E-PrE and D-PrE 
groups were compared on initial acquisition 
level. The scores were the number of 
correct letters in correct positions on the 


last three trials of pretesting. The groups 
were highly similar in mean Performance, 
6.70 correct letters for the D-PrE group 


.80 for the E-PrE group. The 05 
aed ped adopted as the minimum level of 
significance for all statistical tests ; using this 


of the pretesting 


standard, a com arison jens e. 
means by £ test feil far short of significar 
The mean exposure times required to Lat 
duce the criterion leve] of recall perium 
Were .55 sec. for the E-PrE group and 6! 


; 1- 
for the D-PrE group. No ene 
Parison was necessary since the highes | the 
in the E-PrE group was .90 sec. ant 
lowest time in the D-PrE group was 
sec. : e 

RT data—Four RT scores, which arn 
the mean RTs taken over seven pe H 
each level of BI, were calculated for d 
The overall analysis of these data às an 

X 2 X 4 analysis of variance with oe 

7e as between.Ss variables and BI 
within-Ss variable, < 05: 
effects were Pr, F (1, 108) = 4.03, p > and 
EC, F (1, 108) = 1188s, p The 

AL 3, 324) = 3957, p < 001. s are 
means for all combinations of compete 
depicted in Fig. 1 and suggest two "D-Pr 
tion effects. The mean RT for the r the 
Condition is markedly slower than for the 
E-PrE condition, while the means ? imi- 

-PrC and D-Prc groups are highly 


Jeuz 
ca! 
3 The median RTs for each S were also of 


eans 
lated, € pattern of the subgroup means D 
Medians was highly similar to that for the 

means, whic 


tica 
tistiC 
h is depicted in Fig.1. The e cnt : 
analyses for the medians produced results 
to those for the means, 


a 
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lar, The BI subgroup means in the E con- 
ditions display a very definite downward 
trend, while in the C groups, the trend lines 
are virtually horizontal. Both interactions 
Were detected in the analysis of variance; 
Pr x E-C, F (1,108) — 838, p < .005; and 
E-C x BI, F (3, 324) = 23.31, p « .001. 

_ Answers to the initial questions concern- 
Ing the role of duration of the rehearsal in- 
terval and the pronunciability of the mate- 
rial required subanalyses. — A two-factor 
analysis of variance was performance at each 
level of the E-C variable. In the E condi- 
tion, there was a significant effect of Pr, F 
(1, 54) = 6.62, p <.025; and BI, F (3, 
162) = 36.37, p < .001; but no significant 
interaction effect. In the C condition, the 
Only significant effect was that of BI, which 
Was very small in absolute value, but never- 
theless exceeded the .025 level, F (3, 162) 
= 3.57. 

Recall data.—The descriptive statistics for 
the recall data are presented in Table 1. Tt 
Should be kept in mind that all recall mea- 
Sures were taken after a 7-sec. rehearsal 
Period; the conditions were differentiated 
Only by the intervention of the buzzer. A 
two-factor analysis of variance performed 
9n the recall scores indicated only a signifi- 
fant effect of Pr, F (1, 54) = 6.39, p < .025. 
; he fact that the E-PrE group was superior 
recall performance to the D-PrE group 
after the rehearsal period but not during the 
Pretesting indicated that a performance 
change might have occurred during the re- 

Sarsal period for one or both of the groups. 

e nature of this change was investigated 
"d Comparing the mean recall over all four 
Svels of BT with the mean of the last three 
Pretesting trials. The pretesting mean for 

le E-PrE group was 6.80, while the over- 
all mean after the 7-sec. rehearsal period 
Was 7.20. A t test for correlated measures 
Produced a value of 271, p < .025. The 
Comparable means for the D-PrE group 
€re 6.70 and 6.71; the ¢ test was far short 


a significant value. 


DISCUSSION 
D The RT measure was sensitive to several as- 
Rats of the retention task. The slowdown in 
Produced by the memory task was very 


Su : > 
stantial; there was little overlap in the dis- 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS OF THE 
RETENTION SCORES 


Buzzer interval 


Statistic 


1 sec. 2 sec. | 4 sec. 6 sec. 

E-PrE | 
M 7.05 7.26 745 | 7.43 
SD E :99 192 nS 
D-PrE ni 
M 6.63 6.73 6.75 6.74 
SD 1.14 1.12 1.33 


tributions of the individual S scores of the E 
and C groups. This result provides indepen- 
dent support for the performance data, which 
indicates a rehearsal process. Other findings in 
the present experiment provide information on 
specific properties of the rehearsal process, 
In a previous experiment (Stanners & Meun- 
ier, 1969), recall data indicated that the re- 
hearsal process was more efficient with E-Pr 
material than it was with D-Pr material. The 
separation of the E-PrE and D-PrE groups in 
the present study leads to the same conclusion. 
A theory of STM advanced by Waugh and 
Norman (1965) proposed that one of the func- 
tions of rehearsal was to transfer material from 
a memory state of very limited capacity (pri- 
mary memory) to a much more commodious 
state (secondary memory). The substantial 
decreases in RT over the levels of BI for the E 
groups support the Waugh and Norman concep- 
tion by suggesting that S’s rehearsal load de- 
creased over successive values of the rehearsal 
interval. However, no differential decrease in 
RT occurred for the E-PrE group, which would 
have been expected on the assumption that the 
transfer of E-Pr material from primary mem- 
ory to secondary memory would be more effi- 
cient than the transfer process for D-Pr ma- 
terial. A possible reason for the failure to find 
divergence of the RT functions is that RT was 
not tested soon enough in the retention interval. 
The first value of BI was 1 sec., by which time 
enough E-Pr material may have been trans- 
ferred to produce a substantial reduction in RT. 
Although a l-sec. rehearsal interval appears to 
be very short, it is almost twice as long as the 
average exposure duration (.55 sec.) for the 
E-Pr material. 

The analysis of the recall data indicated that 
recall performance for the E-PrE group was 
better at a 7-sec. retention interval than it was 
during pretesting at a Ü-sec. interval. The 
same effect did not appear for the D-PrE 
group. These findings cannot be given a com- 
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pletely unambiguous interpretation as a remi- 
niscence effect, because different materials were 
used in pretesting than were used in the ex- 
periment proper. However, the results are 
highly similar to those of a previous experiment 
(Stanners & Meunier, 1969) in which virtually 
the same set of materials was used and in 
which a reminiscence effect was found for the 
E-Pr but not for the D-Pr material. 

The RT measure seems to offer some prom- 
ise as a means of evaluating inferences about 
rehearsal drawn from recall data. Other im- 
plicit processes such as mediation may also be 
amenable to study by this technique. 
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RECEPTION VERSUS SELECTION PROCEDURES IN 
CONCEPT LEARNING 


FRANK S. MURRAY? 
Randolph-Macon Woman's College 


AND ROBERT E. GREGG 


Eastern Kentucky University 


Performance efficiencies of two methods of presenting concepts for learning 
were compared. Adult Ss learned simple concepts by dividing wooden blocks 


into groups according to shape or color. 


The selection procedure consisted 


of presenting simultaneously the total array of stimulus patterns, and S 


selected instances of the concepts from this array. 


The order of selecting 


instances by Ss in the selection group was presented successively and individ- 


ually to yoked Ss in the reception group. 


The results showed that concept 


learning was more efficient with the reception procedure. 


. One of two different procedures of presenting 
Instances of concepts is usually used in studies of 
Concept learning: a reception procedure or a selec- 
tion procedure. With the reception procedure, in- 
stances of concepts are usually presented suc- 
Cessively and individually, and S is required to 
Indicate whether the instance is, or is not, the 
Concept. With the selection procedure, all instances 
are usually presented simultaneously, and S is 
allowed to choose the order of selecting instances 
9f the concept (Bruner, Goodnow, & Austin, 1956). 
Few studies have attempted to compare the effi- 
Cleney of both procedures. 

An attempt to compare the two procedures was 
Performed by Huttenlocher (1962). She used 
Seventh-grade children as Ss and a selection 
Procedure in which the array of possible stimulus 
Patterns was not available to Ss for continuous in- 
Spection. Her results showed that Ss in a non- 
Manipulating (reception) group were superior to 

lose in a manipulating (selection) group. 

In a more recent study, Hunt (1965), using adult 
Ss (college students), reported results in which the 
Selection procedure was more effective than the 
Teception procedure. In this study, Ss were re- 
Wired to use grammatical rules and conjunctive 
Concepts to generate instances of concepts. 

esides Ss, other differences existed between the 
Wo studies. Huttenlocher (1962) required her 
2$ to manipulate only two or three blocks to form 
stances of concepts, and in her selection pro- 
Sedure, the array of possible stimulus patterns was 
Not available to Ss for continuous inspection. 
Hunt's (1965) experiment was performed in three 
arts: preliminary, learning, and test phases. Only 
{rors made by Ss in the test phase were counted. 
im, the Huttenlocher study, errors ma 

& stage (the only phase) were counted. 

e purpose of the present experiment was to 
compare the performance efficiency of the two pro- 
“edures using adult Ss and a selection procedure in 
Which the array of possible stimulus patterns was 


de in a learn- 


1 r Frank S. Murray, 
De Requests for reprints should be set ron Woman's Col- 


lege tment of Psychology, Randolph 


available for continuous inspection. Instances 
of concepts selected by Ss with the selection pro- 
cedure were presented successively and individually 
to yoked Ss in the reception group. As in the 
Huttenlocher (1962) and Hunt (1965) studies, S's 
in the selection procedure were required to select 
stimulus patterns and make commitments concern- 
ing their categories. A simple concept learning 
task was used to evaluate the two procedures. 

Method.—Forty students (17 males and 23 fe- 
males) enrolled in introductory psychology courses 
at Eastern Kentucky University volunteered to 
participate as Ss. 

Sixteen wooden blocks, varying in shape and 
color, were used. Four of the blocks were circles, 
four were squares, four were triangles, and four 
were crosses. There were four colors of each 
shape: red, green, blue, and yellow. The blocks 
were 3.81 cm. in length and width and 1.27 cm. in 
depth. 

A yoked design was employed. Of the 40 Ss, 
20 were randomly assigned to a selection group 
and 20 to a reception group. Each S in the 
reception group was yoked with an S in the selec- 
tion group, in that he received instances in the 
same order selected by his yoked counterpart. 

The same eight problems were administered, in 
random order, to all Ss in the selection group. 
The Ss in the reception group received the prob- 
lems in the same order as their yoked counter- 
parts in the selection group. The solution for each 
problem was one value of one dimension, e.g., 
“red,” or “square,” or “cross.” At the beginning 
of each problem, Ss were shown either a positive 
or negative instance of the concept. Of the eight 
problems, four were negative examples and four 
were positive examples. These negative and posi- 
tive examples were presented in a random order 
to each pair of Ss. 

All Ss were told what attributes defined a con- 
cept. The Ss in the selection group were told to 
sort the blocks into two columns: one containing 
all instances of the concept and the other contain- 
ing all instances that were not the concept. They 
were also instructed to move only one block at a 
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time. For Ss in the reception group, the instances 
were presented successively in the same order as 
their yoked counterpart had selected them. All Ss 
were informed if they made an incorrect classifi- 
cation and were instructed to correct their error. 

Results and discussion.—The results of the pres- 
ent experiment showed that concept learning was 
more efficient with the reception procedure than 
with the selection procedure. The efficiency of the 
two procedures was compared by computing the 
number of errors made by Ss on all eight prob- 
lems. The mean number oí errors per Ss in the 
reception group was 8.95 and for the selection 
group was 12.50. Analysis of variance for repeated 
measures was computed. Significantly more errors 
were made by the selection group than the recep- 
tion group, F (1, 38) = 6.45, P «.05. Statistical 
significance was also obtained across problems, F 
(7, 266) = 6.64, p<.01. The mean number of 
errors for Problem 1, 2.6, was the same for both 
groups, but decreased for both groups on the next 
seven problems, revealing a learning-to-learn 
effect. No significant Groups X Problems inter- 
action was obtained, F (7, 266) = 48. A further 


5 of presenting a positive 
in each group, the mean 
n problems in which posi- 
n was compared with the 
TS made on problems in 
S were given. For the se- 


ps (52.01, 
There were approximately three ti 


made on negative example proble: 
tive example problems, This would be expected 
from an information analysis of 
tive instances (Hovland & Weiss, 1953). 

One of the difficulties in comparing different 
procedures in concept learning studies is the use of 
different measures employed as dependent varia- 
bles: numbers of correct hypotheses, trial 
which correct hypothesis occurred, and trial on 
which last error occurred. If a real difference 
exists in the two stimulus presentation Procedures, 
consistent results should occur with different 


on 
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measures. Some of the preceding measures are 
closely related to each other. g 

Using this reasoning, another analysis of the 
data was made with the following measure: trial 
on which last error occurred. For the four prob- 
lems in which positive instances of the concepts 
were presented, the mean values for the S Hen 
and selection groups were exactly the same (X = 
22.50). With negative instances, however, the mean 
values of the two groups differed greatly; the 
mean trial on which last error occurred for the 
four problems was 64.00 and 7825 for reception 
and selection groups, respectively. A + test for 
matched groups revealed a significant difference 
between the means (p « .05, one-tailed test). 

The reason for the difference in efficiency of 
learning this very simple concept task with the 
two procedures is difficult to understand, It might 
be, as siggested by Huttenlocher (1962), that 5s 
in the selection group must learn a two-stage task, 
while Ss in the reception group were required to 
learn only one stage. According to Huttenlocher, 
Ss in the selection group have to decide on the 
manipulation necessary for gaining information 
relevant to the concept and interpret the results © 
attribute manipulation, The Ss in the reception 
group were required to perform only the latter 
the present experiment, This would make the tas! 
more difficult for Ss with the selection procedure 
than with the reception procedure. " 

Failure to find Eroup differences with positive 
examples of concepts seemed to be due to an arti- 
factual ceiling effect of the task used in the 
Present experiment, The concept task used was 4 
very simple one for adult Ss; only two alternative 
hypotheses were available whenever a positive €X- 
ample of the concept was presented. With such 4 
simple task, few errors were expected. This wigs 
borne out in the experiment; mean numbers of CT 
Tors for Ss for the four positive problems wert 
3.00 and 240 for selection and reception giare 
respectively. With more difficult tasks, one wou 
expect to obtain differences in the two procedures 


s i e 
With positive as well as negative examples of th! 
concepts, 
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CONCEPT ATTAINMENT AS A FUNCTION OF INSTANCE CONTIGUITY 
AND NUMBER OF IRRELEVANT DIMENSIONS 1 


ROGER L. DOMINOWSKI 2 


University of Illinois, Chicago Circle 


Different sequences of presentation were compared with a task requiring the 
identification of four categories formed by the conjunctive combination of two 


values from each of two dimensions. 


Under conditions in which the number 


of stimulus presentations needed to define the classification was controlled and 
responding cues were eliminated, most efficient performance occurred with a 
high-contiguity sequence in which stimuli from the same category occurred 


successively. 


The advantage of high contiguity remained constant as the 


number of irrelevant dimensions varied from three to five. Differences among 
Sequences are attributed to the less ambiguous information provided by a 
succession of stimuli from the same category, compared to that provided when 
successive stimuli are from different categories. 


Previous research has shown that the rate of 
Concept identification is directly related to the con- 
tiguity with which stimuli from the same cate- 
gory are presented (Dominowski, 1965). These 
findings have typically been interpreted as indi- 
cating that identifying the common attributes of 
Category members is more difficult when instances 
Of the same category are separated by instances 
Of other categories because of increased forget- 
ling of relevant stimulus information. The present 
Tesearch is concerned with possible alternative ex- 
Planations based on methodological considerations. 

With the exception of a study by Kurtz and Hov- 
land (1956), previous studies have used a procedure 
mn which the order of stimulus presentation is 
Confounded with testing order. That is, S was 
required to categorize each stimulus as it was 
Presented, then received feedback; as contiguity 
increases, runs of the same category response tend 
to occur, Thus, S could show improved perform- 
nce with higher contiguity by learning to give 
Tuns of a particular response as well as by re- 
membering more stimulus information. In the 

urtz and Hovland study, Ss were asked to name 
the categories and to categorize test stimuli follow- 
Mg stimulus sequences varying in contiguity; no 
“ifferential responding cues were present. Con- 
tiguity had a nonsignificant effect on test perform- 
ance and only a marginally significant effect when 
Verba] descriptions were scored for number of cor- 
Tectly identified dimensions. Thus, the evidence 
Cr contiguity effects in the absence of possible 
ferential responding cues is not strong. 

Tevious research is also unclear with respect 
to the number of stimulus presentations required to 
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provide sufficient information to define the classifi- 
cation for sequences varying in contiguity. A 
high-contiguity sequence contains a high propor- 
tion of very informative transitions (only irrele- 
vant attributes change from one stimulus to the 
next), while a low-contiguity sequence is likely 
to contain less informative transitions (both rele- 
vant and irrelevant attributes change); conse- 
quently, more stimuli might be required to define 
the classification as contiguity decreases (Anderson 
& Guthrie, 1966). The present study was designed 
to determine the effects of instance contiguity 
when responding cues and the number of stimuli 
required to define the classification were con- 
trolled. Number of irrelevant dimensions was in- 
cluded as an orthogonal variable, both to examine 
the effects of this variable under the present con- 
ditions and to determine if instance contiguity and 
number of irrelevant dimensions produce inter- 
active effects. | 

Method.—The stimuli were geometric forms 
varying on from five to seven binary dimensions. 
The relevant dimensions were shape and interior, 
yielding the conjunctive categories open squares, 
filled squares, open circles, and filled circles. With 
three irrelevant dimensions (IDs), number, posi- 
tion, and color were irrelevant; size was added for 
four IDs, and dot-no-dot was added for five IDs. 
The forms were drawn on white index cards. For 
a practice task, 16 cards were contructed contain- 
ing lines varying in form, orientation, thickness, and 
arrowhead (two values each). 

For each level of ID, three stimulus sequences 
were created. In each sequence, each block of 16 
stimuli (trials) contained 4 stimuli from each cate- 
gory; these 4 stimuli differed such that the cate- 
gory (e.g, open squares) was unambiguously de- 
fined. In Sequence 0, the 4 stimuli from a category 
occurred in succession (0 intervening stimuli) ; in 
Sequence 3, stimuli from the 4 categories alter- 
nated (c.g, ABCDABCD, ctc. ; 3 intervening stim- 
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uli). Sequence R was constructed by randomizing 
the 16 stimuli in a block, subject to the restric- 
tion that 2 stimuli from the same category could 
not occur successively (a mean of 2.6 intervening 
stimuli). For all levels of ID, sufficient infor- 
mation to identify the classification had been given 
after presentation of 4 stimuli in Sequence 0, after 
6 stimuli in Sequences 3 and R. 

There were eight introductory Psychology stu- 
dents in each of the nine groups formed by fac- 
torially combining three levels of ID with three 
types of sequences. Each § was individually 
run; Ss were assigned to groups in alternation as 
they appeared at the laboratory. Five Ss were re- 
placed because of failures to follow instructions, 
and two additional Ss were randomly eliminated to 
create equal-sized groups, 

The practice task was the same for all Ss. 
Following a description of the stimuli (lines), S 
was required to describe test stimuli. After an 
explanation of the method of forming categories, S 
was asked to state what the categories would be if 
certain dimensions were selected. Finally, E 
showed the cards, first holding each card above one 
of four boxes for 10 sec, then placing it in the 
box. A new stimulus was shown every 15 sec., 
and cards were not visible in the boxes. Instruc- 

i i should tell E whenever $ 
felt he knew any of the categories, and that stimuli 
S had correctly named all 
four categories (S was not required to specify 
Each time 
"right" or 
After a brief rest, the same procedure 


egories) 


was determined, Contiguity had a significant ef- 


fect, with means of 


Sequences 0, 3, and R, respectively, F (2, 63) = 
9.59, p < .001. 


quences 3 and R, 
For three, four, and five 
were 14.38, 21.42, and 21.2 
the overall effect of ID 


: d e Sequences 
X ID interaction was not significant, F < 1, 


Secondary analyses related Sy verba 
hypotheses to trials to criterion. The Percentage 
of trials on which $ verbalized Was not sys. 
tematically related to trials to criterion, In six of 
the nine groups, there was a tendency for Ss who 
required more trials to begin verbalizing later, 
This relationship was most Consistent for $5 
shown Sequence R, with correlations of .96, 43, 
and .58 for 3, 4, and 5 IDs. Early hypothesizing 
may be an indicator of an active, attribute-testing 
approach to concept identification, with the results 
indicating that Ss who adopt such an approach will 
be better able to solve the problem, A Similar 


lization of 
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description was offered by Byers and Davidson 
(1967) in accounting for their finding that id 
quiring Ss to hypothesize on every trial facilitate 
concept identification, . iit 

The present results indicate that high contiguity 
results in faster concept identification when ps 
sible differential responding cues are eliminated an 
when the number of stimulus presentations ej 
quired to define the classification is controlled. 
Furthermore, the advantage of high contiguity a 
mains constant as the general difficulty of the task 
increases due to an increase in the number 0 
irrelevant dimensions. Two comments seem !n 
order concerning contiguity effects. . E 

First, neither the present results nor previous re 
search demonstrates that the degree of separation 
of instances of the same category is an pae 
variable. In the present study, Sequences 3 qe 
resulted in equivalent performance, but were e 
different types of sequences, In Sequence 3, there 
were always three intervening stimuli between ap 
Pearances of stimuli from the same cates ony: 
whereas in Sequence R this separation was ae 
times only one intervening stimulus, sometime 
more, averaging 2.6 stimuli. While one mig 
expect that solution would be facilitated by the sen 
currence of some minimal separations in ses 
R, performance was numerically poorest in zd 
condition. ^ Successful manipulations of sy 
contiguity have involved variation in the probabi i a 
of successive occurrence of stimuli from the Se 
category, with difficulty of solution inversely 35, 
lated to this probability (Bourne & Jennings, 19 x. 

Anderson and Guthrie (1966) offered an k^ 
planation for the superiority of a transition js 
Which successive stimuli belong to the same S ne 
gory. When successive stimuli are from the P on 
category, the information provided by the transition 
is unambiguous—al] changed attributes are irre lio 
vant. However, when successive stimuli belong 3 
different Categories and several attributes chen 
Some unknown proportion of the changed airbus 
is relevant to the category change. This acco! EN 
suggests that only memory for the previous stim” 
US is relevant to the effects of manipulating * 
stance contiguity, New data are requiret . 
demonstrate that degree of separation (beyond on 
is also an effective variable. 
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CATEGORY CLUSTERING FOR IMMEDIATE AND DELAYED RECALL 


AS A FUNCTION OF RECALL CUE INFORMATION AND 
RESPONSE DOMINANCE VARIABILITY : 


ROBERT L. HUDSON ? 
Mississippi State University 


Words from the Underwood and Richardson norms were presented for free 
recall. The Ss were either instructed before word presentation (information- 
before) or after word presentation (information-after) that the words could 
be categorized. There was also a no-information control group. The Ss 
were presented one of two lists equated for mean response dominance, but 
differing in response dominance variability. The primary results of interest 
were that the information-before group clustered significantly more than 
either the information-after group or the no-information group, between 
which there was no difference. The information-after group recalled fewer 
words than either the information-before group or the no-information group, 
between which there was no difference. The groups receiving the low- 
variability lists clustered significantly more than the groups receiving the 
high-variability lists, while words recalled did not differ. These results held 
for both an immediate recall and a 48-hr. recall. Clustering did not decrease 
significantly from the immediate to the delayed recall. 


En 


Hudson (1968) presented a method for manipu- 
lating the categorical relations in a set of words 
While keeping the words, and hence the level of 
interitem association, constant. The present study 
is an extension of this research and was designed 
to test hypotheses derived from the work of Tul- 
ving and Osler (1968) and Freedman and Med- 
nick (1958). : 

Tulving and Osler (1968) hypothesized that the 
Tetrieval cue for a to-be-remembered (TBR) word 
Must be stored with the word at input if it is, in 
fact, to be a retrieval cue. Their data support this 
hypothesis for number of words recalled. Signifi- 
Cant increases were found when retrieval cues 
Were present at both input and output. If, in the 
Clustering situation, the category name serves as a 
Tepetitive retrieval cue, then a group of Ss given 
the Category names between word presentation and 
free recall (hereafter caned the information-after 
Rroup) should cluster no more than a no-informa- 
tion group, because the retrieval cues were not 
Present at input. ae : 

However, if subsequent opportunities are given 
for recall of the words, the clustering of the in- 
Ormation-after group might be expected to move 
toward that of the information-before group be- 
Cause a recall serves in a limited way as another 
Mput at which time the retrieval cues would be 
Present, All Ss of the present experiment were 
Riven a recall test 20 sec. after presentation (Trial 

and approximately 48 hr. after presentation 
(Trial 3). In addition, half of the Ss were given 
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an intermediate recall trial approximately 25 min. 
after presentation (Trial 2). 

The second hypothesis comes from Freedman 
and Mednick (1958). They demonstrated that 
higher response dominance variability led to 
faster concept acquisition when mean response 
dominance was equated. They suggest that this 
is because a word very high in response dominance 
leads to an earlier correct concept name response. 
For the category clustering situation, this suggests 
a significant interaction between level of informa- 
tion and level of response dominance variability of 
the list. The information-before group should 
cluster relatively more on the low-response-domi- 
nance list, while the information-after and no- 
information groups should cluster relatively more 
on the high-response-dominance list. 


Method 

Subjects.—The Ss were 96 members of a course 
called Introduction to Graduate Studies taught the 
summer of 1968 at Central Washington State Col- 
lege. The median age was 27 yr., and the inter- 
quartile range was 25-34 yr. Twelve Ss were 
dropped from the analyses either because they 
failed to follow instructions or by E (at random) 
in order to equate the number per cell. 

Materials.—The words were selected from the 
scaled norms of Underwood and Richardson 
(1956). Two lists of eight words each were se- 
lected from each of the categories round, white, 
smelly, and small. The two lists of each category 
were selected so as to differ as much as possible in 
variability around the mean response dominance 
value while keeping the two means approximately 
equal. An attempt was also made to equate the 
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mean number of letters, mean Thorndike-Lorge 
(1944) frequency, and mean number of competing 
category names. By competing category is meant 
the number of names other than the one under 
consideration that were elicited by the word in 
question. The words used follow: 

High variability. Round: globe, spool, knob, 
button, balloon, belly, platter, pot. White: milk, 
bandage, ivory, linen, rice, collar, bread, paste. 
Smelly: ammonia, skunk, sewer, gasoline, sulphur, 
cigar, zoo, cheese. Small: atom, germ, village, 
minnow, capsule, snail, pollen, kitten. 

Low variability. Round: dome, knob, head, but- 
ton, saucer, balloon, belly, platter. White: snow, 
ivory, napkin, linen, rice, collar, bread, frost. 
Smelly: ether, sewer, garlic, gasoline, onion, 
sulphur, pine, cigar. Small: germ, village, min- 
now, mouse, capsule, pup, pony, pill. 

Procedure—The Ss were Tun at the time of 
their regular class meeting. Four classes were 
used, two of which were assigned randomly to 
the high-variability list and two to the low-varia- 
bility list. Random assignment to information 
groups was achieved within each class by varying 
the instructions included in a booklet each S was 
handed. The critical instruction simply stated 
that the words could be put into categories and 
gave the category names. Where critical instruc- 
tions appeared for one Eroup, filler instructions 
appeared for other groups. The actual procedure 


of word presentation and recall was the same for 
all Ss. 


The 32 words of 


a list were presented by a 
Kodak Carousel proj 


ector four times in four dif- 
The interstimulus interval 
Pproximately 4.6 sec, was 
- The Ss were allowed 4 
instructed to write the 
in whatever order they 
r approximately 20-min, 
€ examination, half of 


occurred in memory. Afte 
work on a multiple-choic 


i sed: i e 
words. Four minutes were also allowed for thes 
recall trials. 


Results 


The clustering index is a standard score ipe 
cating in standard deviation units the departure er 
the observed number of repetitions from, a 
expected by chance (Dunn, in press). It is simila 
for most recall protocols to the index of Hudson 
and Dunn (1969). 3x 

These clustering data were subjected to a 9 
2X2X2 analysis of variance of the following 
variables and levels. The information condition 
consisted of three levels: information-before, ae 
formation-after, and no-information. The varia 
bility condition consisted of two levels: high e 
low. The interpolation condition (recall aíter : 
min.) consisted of two levels: present and aeni 
The trials condition consisted of two levels: In 
1 (recall after 20 sec.) and Trial 3 (recall v 
48 hr). This variable, of course, was of m 
repeated measures variety and was so treated: 
The mean clustering indexes and mean number A 
words recalled of the various subgroups are pre 
sented in Table 1. The analysis indicated un 
the main effect for information was significant, : 
(2, 72) - $34, p« 01. The information-before 
group clustered significantly more than either bh 
information-after group or the no-informatio 
group, between which there was no difference 
The analysis also indicated a significant main uu 
for variability, F (1, 72) = 686, p< 025. Los 
low-variability group clustered more than the hig 
variability group. The remaining main effects an 
all of the interaction effects were not significan 

An analysis was also conducted using the he 
conditions on the number of words recalled. T 5 
analysis indicated that the main effect for inform 
tion was significant, F (2, 72) = 349, poe 
The information-after group recalled significan 


fewer word 7 : ion-before 
t S than either the information i 
the B v aes en were asked once again to group or the no-information group, between which 
recall the wor 2 € other Ss Were dismissed, there was no difference. The main effect 
At their next class meeting (approximately 48 hr. trials was also significant. F (1, 72) = 6646, P 
later), all Ss were once again asked to recall the ignificantly fes a d were recalled 
wer words 
TABLE 1 
MARGINAL MEANS AND n $ FOR THE CLUSTERING INDEX (CI) AND NUMBER or Wonps (NW) RECALLED 
D ALL 
Variability condition I ; s pe es d 
nfi "n" m ition 
-— ormation condition Interpolation condition 
ligl : 
High Low Before After Na Biss Absent 
Trial 1 
tr 41 00 an EU a8 28 42 E a7 
NW 18.17 18.43 19.50 1598 207 ii 1821 
Trial 2 f ` 
n 21 21 14 14 
e 1.12 1.56 2.21 B 14 42 a 
NW 19.14 19.43 21.07 iT2 i92 1.34 = 
E z 19.29 
Trial 3 
^» 42 42 28 28 : 2 
NY isa 1526 pas 68 e 42 96 
NW : 16.00 1314 id 533 dad 
i 15; = 
La os eet 


cn 
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after 48 hr. than were recalled after 20 sec. The 
Interpolation X Trials interaction. approached sig- 
nificance, F (1, 72) — 2.95, p <.10, which would be 
expected since interpolation has no meaning until 
the third trial. None of the remaining main effects 
or interaction effects were significant or approached 
significance. 

It should be noted that preliminary analysis of 
both the clustering index and the words recalled 
on Trial 1 showed no significant differences be- 
tween the groups that had been treated alike. 

The clustering index and the number of words 
recalled are not completely mathematically inde- 
pendent because the number of words recalled 
places an upper and a lower limit on the clustering 
index. Nevertheless, for a given number of words 
recalled, the clustering index is free to vary over 
a considerable range. Spearman rank correlation 
coefficients were computed between the clustering 
index and the number of words recalled for each 
of the 24 subgroups on which the analyses of 
variance were run. These ranged from a —.51 
and a —.06 up to .93 and .89. The mean r com- 
puted using Fisher’s Z transformation was .55. 
'Thus there is a tendency within the subgroups for 
Ss who cluster more to recall more words. This 
is particularly interesting in view of the fact that 
the information-before group clustered more than 
the no-information group, yet recalled the same 
number of words. It is somewhat paradoxical 
that there is a relationship between organization 
and recall, but at the same time artifically" in- 


creasing organization does not increase recall. 


Discussion — 
is W ted. he Ss 
The first hypothesis was suppor ; 
receiving the information after word presentation 
apparently did not or could not a n 
ton i izi i Il. his is no 
tion in organizing their reca : 
say that Ss did not have the TBR words rerom 
into categories, but ag d es d 
i i -defined cate; 7 
were not organized into efi à 
hence the category name could not ys ze 
retrieval cue. Thus it would seem that x org i 
ization takes place at the upie of aienti d 
r information 
and the same recall. cue information t 
after stimulus input is not effective ii Lr. 
the organizational aspects of the outpu : 


interaction effects 
d that none of the in ae 
pepe he clustering data were sig 


of the analysis on t 3 re Se 
füficanl which indicates that the infertustermelt 
group does not move significantly tow v e 
formation-before group from E j^ Ls =i on 
might still be Le ge o gari g 

M A Don proposed another, quite 
d he organization 


i t for t 1 
we mo ages, studies. According 


often observed in fre is not achieved at 


i ization 
to this model, EA retrieval as a result of the 


Storage, but rather a further sug- 
ka (1968) has turt 
search: plan. es incidental learning, that 


gested, while discussi trieval plan at 


if an S were given an efficient re 
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the time of recall, his number of words recalled 
might be expected to increase. The present study 
was not designed to provide a differential test of 
the two types of theory. One might suppose, how- 
ever, that the iníormation-aíter group of the 
present study could be considered to be a group 
given a retrieval plan at the time of recall. The 
fact that this information-after group evidenced 
little E-defined organization could be interpreted as 
evidence that a good search plan is not enough, 
with the implication that words have to be organ- 
ized at input if organization is to be evidenced at 
recall. On the other hand, however, one might 
suppose that Ss ignore the search plan presented at 
recall (empirically, the category names) in favor 
of the search plan they formed during stimulus 
input. Thus, one would still expect little or no E- 

defined organization to be present. There is evi- 

dence, however, indicating that the information- 

aíter group did not simply ignore the presentation 

oi the category names. This evidence is that the 

information-after group showed a significant de- 

crease in number of words recalled. It is also 

interesting to note that this decreased recall held 

for both Trials 1 and 3 and was not affected by 

the presence or absence of an interpolated Trial 2. 

Tulving and Osler (1968) also found decreased 

recall for a group given recall cues only at the 

time of recall, but offered no explanation for the 

inhibitive action of the recall cues. 

The second hypothesis of the present study was 
not supported. The Ss receiving the low-variabil- 
ity words clustered significantly more than Ss re- 
ceiving the high-variability words, and there were 
no significant interactions. The reason for this is 
not immediately apparent, and the degree of dif- 
ference is particularly striking when one considers 
that there is approximately a 50% overlap between 
the two lists of words. It should also be noted 
that for number of words recalled, there was no 
difference between the two lists, which indicates 
that the matching of the two lists on the relevant 


variables was successful. 
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D THE PARTIAL REINFORCEMENT 
EXTINCTION EFFECT AFTER EXTE 


NDED ACQUISITION : 


ABRAM AMSEL,? C, THOMAS SURRIDGE, ^ND JAMES J. HUG 


University of Toronto 


As a follow-up to an earlier experiment 


or continuously with 1 gm 


, SIX groups were rewarded partially 


- Of food, given in 


y - : the form of either 1, 10, or 24 
pellets. In this experiment, unlike the earlier 


was over 80 trials at 1 trial a day, 


resistance to extinction, the 


It has recently been shown by the present in. 
vestigators that in partial reinforcement. experi- 
ments involving only five acquisition trials, the 
number oí íood pellets making upal 


will appear (Amsel, 
was argued that when rats are Offer; 
food pellet rewards (e.g., Padilla, 1967) 


a single 


become many, 
might provide at least a partial explanation 
the occurrence of the PRE 


partial reinforcement conditions, 


n of Percenta, 
ward (50% or 100%) and much a 
1,000-mg., ten 97-mg.' or ty Sine 


80 acquisition trials, 8.) over 
Method.—Sixty naive, male albino r. 
days old at the beginning of the ex ats, 80-90 


were as described earlier 
with the exception that there were 80 ad 
and 32 extinction trials in the Sent ca 

50% conditions involved a recursive R e 
Se GALE LT pe but qi 
Ss in the same group began the cycle at di 
points, so that 40-60% of Partial s. 


either R or N on any day, The D WEE 
squads, which contained an equal number 


1 This study was Supported p; 
fom the National Science Foundation sah Gran f 

ational esearc] touncil oj an. T. 
acknowledge the assistance of Ho ada. The authors 0M the 
in the collection of the data, er and Susan 1 

? Requests for reprints should be sent 
who is now at the University ot "Texas. 9 , Abr, 
ment of Psychology, Austin, Texas at 


partial reinforcement ex 
appearing in all number-of-pellet conditions. 


! experiment, training 
the groups did not differ in 
tinction (PRE) effect 


- r 
from all groups, of 24, 24, and 12; running orde 


j t in- 
was randomized over days, and the intertrial 
terval was 24 hr. 


á h 
Number of approach responses (back-and-fortt 
Movements) to the food cup was recorde 
Placing an infrared Photobeam, which activate d 
Counter, directly over the proximal lip of the I 
trough, The Counter registered whenever 


her 
Photobeam was broken by $'s head or some ot 
Portion of its body 


Results and discussion. Separate measures cds 
start, run, and Seal time were converted to rout 
1 d over the 20 blocks a 
uring acquisiti artial gro Z 
faster in the rt ind N F UT 
5.13 and 6.84, both P's«.05. Response speed 's 
Not vary as a function of number of pellets (Num- 
> 10), although the Percentage Reward X, the 
Sr of Pellets interaction was significant “which 
oe F (2, 54) 2360, p« 05, receiv- 
Superiority of partial groups 
» but not 24, pellets. 


Ext ] ms 
of nction Speeds a. ig, lin tef 
Tay i 1g. pts 

ave € presented in Fig T 


artial Be speed Over all three runway s¢8” at 
54) = groups Tan faster in all segments, — and 
1, 55, and 92.42, for start, ssistanct 
V all #’s — 01, Greater r ainin 

was er 


Cw-trials experiments involving syd 
ere was no Percentage © > 30 
d Of Pellets interaction (all Ei 2, sepe 
Tately "DProach data are presented in FU als m 
the 1. any TéWarded and nonrewarded tr pel s 
à "Pellet groups. Data for the yemen 
vere contaminated by jaw 0- 
* Over the food cup withou The 1 
forth, and are not presented. Ec 
z obviously made more apP rewa" nd 
the 1-pellet groups On orresDO, e 
to t th On the first 5 trials that C an ipee 
the e Previous Study (Amsel et al., 1968) nces a 
tween are 80 acquisition trials. TS y 
en the 10-pellet groups, which appear 
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Fic. 1. Total alley speed for terminal acquisition and extinction trials. 
(TA represents the last four acquisition trials. 
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hes for 1- and 10-pellet groups. 
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tively substantial toward the end of training, were 
short of significance, F (1, 18) = 3.26, 05<p< 
.10; the Percentage X Blocks interaction. for the 
10-pellet groups was also nonsignificant, F (9, 
162) = 1.06, p>.10. The lack of any systematic 
differences between the 1- and 10-pellet groups on 
nonrewarded acquisition trials, or during extinction, 
is clear in Fig. 2. : 

While the greater frequency oí goal approaches 
on rewarded trials with multiple-pellet rewards 
lends some support to the hypothesis that number 
of food pellets affects the rate of conditioning of 
ri-52, the lack of a number-of-pellets effect on non- 
rewarded trials does not necessarily vitiate our 
argument that multiple-pellet rewards result in 
counterconditioning of rp-sp to the instrumental 
response, even when acquisition has been very 
limited. It remains conceivable that rp-Sp is pres- 
ent on very early acquisition trials only when a 
multiple-pellet reinforcement, or its equivalent, is 
used, for the reason that even early nonrewarded 
trials will result in primary írustration (Re) in 
the presence of Stronger rp-sp conditioned by 
multiple-pellet rewards. 

However, it remains possible that the PRE fol- 
lowing a very small number of ac 
entirely dependent on th 


reinforcement irustration (PRF) training. We 
are suggesting that in the "PRE" with a small 
number of trials, the PRF Ss extinguish more 
slowly, if at all, because they have developed 
insufficient re by the end of “acquisition” to make 
nonreward frustrating in “extinction.” 

The speed data from the Present experiment 
show that the direction and magnitude of the PRE 
are unaffected by manipulation of number of food 
pellets after extended acquisition. This result is 
Not surprising, given that total magnitude of re- 
ward has been equated across the number-of-pellet 
conditions. Previously (Amsel et al., 1968), it 
Was pointed out that experiments in which magni- 
tude of reward was defined by number of food 
Pellets could have confounded number of trials 
with magnitude of reward, The present data indi- 
cate that this possible confounding does not affect 
Performance after extended acquisition. 


Surrivce, C. T. Number of food 
; and the partial reinforcement. effec! 
Journal of Experimental Psy- 
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IN, G. Pa al reinforcement filiects, following a, small 
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CHOICE RESPONSE TIMES AS FUNCTIONS OF INTRALIST 
SIMILARITY, STIMULUS TYPE, AND NUMBER OF 
EQUALLY PROBABLE ALTERNATIVES: 


BARRY GHOLSON 3 


State University of New York at Stony Brook 


AND 


RAYMOND H. HOHLE 


University of Iowa 


Stimuli drawn írom response-defined interval scales of size and lightness 
dimensions were used to investigate effects of visual similarity, stimulus type, 
number of equally probable alternatives, and practice on choice response time 


(RT). 


Results indicated a greater increase in RT with number of 


equally probable alternatives for lists containing similar items than for 


lists containing dissimilar items. 


There was also a List Length X Practice 


interaction, indicating that the slope of the function relating RT to list length 


decreased across daily sessions. 


Numerous investigators have noted that while 
average verbal response time (RT) increases with 
number of equally probable alternatives, the slope 
of the regression line when RT is plotted as a 
function of number of alternatives, may differ con- 
siderably depending on the type of stimuli used. 
Several investigators (see Smith, 1968) have sug- 
gested that under some conditions at least, differ- 
ential increases in RT with list length may be 
attributable to differing levels of visual similarity 
of the stimulus alternatives. Gholson and Hohle 
(1968) found greater increases in mean RT with 
increases in list length for stimulus ensembles 
composed of hues or forms than for sets composed 
of hue names or form names. It was suggested 
that individual stimuli within a set of hues (or 
forms) are highly similar to each other, differing 
slightly on only one or two dimensions, while indi- 
vidual stimuli within a set of hue names (or form 
names) are more dissimilar, differing on several 
dimensions including letters, letter position, length, 
etc. The assumption here was that RT increases 
monotonically with interstimulus interference due 
to visual similarity of the stimulus alternatives 
and that this increase in RT is reflected in the 
Slope of the function relating RT to number of 
alternatives, rather than in its intercept. 

In the present research, stimuli were drawn 
from response-defined scales that were assumed to 
Provide psychological intervals. of stimulus ca 
similarity. The equal discriminability (E 2 
method (see Thurmond & Alluisi, 1963) was use 
to define interval scales for the lightness (shades 
of gray) and size (circle diameters) dimensions. 
Both ED scales were assigned the same unit no 
the two sets of stimuli were scaled under exactly 

i art by United States Public 
edis er erri Grant AD ago 9i uten 
of a thesis submitted by t Ta emee at the Univesity ot 
the first author upon request. 
Da Repas for, reprints Pate University of New Cook nat 
Stony Brook, Ste polog, Long Island, New York 11790. 


the same experimental conditions. Stimuli selected 
from these scales were used to investigate effects 
of differing levels of stimulus dissimilarity on the 
slope of the function relating RT to number of 
equally probable alternatives. 

Method—The Ss were 48 females (paid volun- 
teers), 15-18 yr. of age. They were randomly 
assigned to four groups of 12 each. Each S was 
presented three lists of stimuli, each containing a 
different number of potential alternatives. 

Alternative stimuli composing the different lists 
were chosen on the basis of preliminary scaling to 
sample high and low levels of dissimilarity on each 
scaled dimension. Shades of gray were obtained 
by combining Liquitex Polymer Emulsion Art- 
ists' Colors (Permanent Pigments, Cincinnati 12, 
Ohio) mars black with titanium white. Differing 
circle diameters were obtained via a calibrated ad- 
justable diaphram (see Table 1). 

Stimuli were presented via a three-field tachisto- 
scope. Visible areas of all fields were mars black 
except as follows: Reaction stimuli and black dia- 
phram leaves were visible in Field 1; and a hori- 
zontal white stripe that served as a warning signal 
was visible in the bottom of Field B. Trials be- 
gan with a 6.5-sec. presentation of Field 2. Next, 
Field B containing the white stripe warning sig- 
nal was switched on for 1.0 sec. After this fore- 
period interval, Field 1 of the tachistoscope, con- 
taining the reaction stimulus, was switched on and 
a chronoscope started simultaneously. The S's 
verbal recognition response then activated a voice 
key, which terminated the reaction stimulus (ie, 
returned the tachistoscope to Field 2) and stopped 
the clock. The clock reset automatically each trial 
at onset of Field B. 

Each S was presented three lists of stimuli, each 
containing a different number of equally probable 
alternatives (two, three, and four items). Two 
groups were assigned lists in which stimuli differed 
on the size dimension, while lists assigned to the 
other two groups contained items differing on the 
lightness dimension. For one of the groups as- 
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TABLE 1 


J i JES OF STIMULI 
D VALUES AND PHYSICAL VALUES > 
nd oleo THE FovR-ITEM List ASSIGNED TO 
g EACH OF THE Four Groups 


Circle Percentage of 
Dissimilarity ED scale diameters titanium 
groups values (n yy in.) whites 
1 14.25 97.8 
3 15.60 ue 
18.25 5. 
Bey i 20.60 52:9 
1 14.25 EE 
ig! 4.5 17.20 3. 
High 8 21.90 42.2 
11.5 26.20 10.5 
^ By weight. 


signed stimuli varying in size and one of the 
groups assigned stimuli varying in lightness, the 
alternatives of each list were similar (low dissimi- 
larity), while the remaining two groups were pre- 
sented lists containing dissimilar alternatives (high 
dissimilarity). 

Stimuli included in the four-item lists assigned 
to each group of 12 Ss were an ordered series 
drawn from the appropriate response-defined scale, 
Dissimilarity values of stimuli were obtained, fol- 
lowing Thurmond and Alluisi (1963), by taking 
the difference in units of the ED scale (ED units) 
between appropriate items, For the low-dissimi- 
larity groups, stimuli in the series were selected in 
steps of 2 ED units, while the series assigned the 
high-dissimilarity groups were in steps of 3.5 ED 
units. Specific stimuli included in the four-item 
list assigned to each group can be seen in Table 1. 
Numbers in the rows of the table labeled “ED 
scale values” denote stimuli defined by the ED 
scaling procedure, with 1 representing the smallest 
circle (lightest Bray) and larger numbers repre- 
senting increasingly larger circles (darker grays) 
drawn from the response-defined interval Scales, 

Stimuli composing the two- and three-item lists 
presented to Ss of each group were the 12 combi- 
nations of four items two and three at a time, 
combined under the restriction that each list for a 
given S contain items in the next smaller list. All 
three lists (ie, two, three, and four items) were 
presented in each of three daily sessions. List 
presentation order within each of two sequences 
was counterbalanced for each group between Ss 
within sessions and within Ss over days. 

A unique verbal recognition response was re- 
quired upon presentation of each list item. Re- 
sponse syllables were boo, bun, bev, and baw, 
Syllables were randomly assigned to stimuli in the 
four-item list, with consistent assignment in smaller 
lists such that a given. stimulus was assigned the 
same syllable in each list in which it appeared, 

Each S came individually. to the experimental 
room and was seated facing into the tachistoscope. 
On Day 1, S was told that during each experi- 
mental session, circles of different sizes (gray 
circles differing in lightness) would appear on 
the screen in front of her and that she should 
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identify each by calling out an appropriate jame 
It was emphasized that she should always respon 
as fast as possible but avoid making errors. The 
S was instructed that at the beginning of each 
new series of trials, she would see the alternate 
stimuli (two, three, or four items) that coul 
appear during the following series and would be 
told the appropriate name for each. id 
At this point S was told how many items wou d 
be included in the first list and each was expose 
2 times for 5 sec, with E calling out the ap- 
propriate response syllable. A warm-up series 11 
which each item in the given list occurred 1 
times was then initiated. A 30-sec. rest interva 
followed, during which S was cautioned to re- 
spond as fast as possible while avoiding errors. 
Each reaction stimulus in the given list then AH 
peared 20 times in a quasi-random sequence, with 
E recording RTs in milliseconds and changing 
stimuli between trials, An identical procedure m 
followed for each of the three lists in each daily 
session. All errors were immediately correcte" 
and recorded by E, with the trial repeated later T 
the same block. Thirty-second rest periods fo 
lowed each block of 40 trials. ith 
Results and discussion.—This section deals wi 
results obtained for the two stimuli common to = 
three lists for a given S. A four-factor analysis s 
variance was performed on mean RTs derived p 
each S's 20 RTs per stimulus per session at d 
level of list length. Means of the two items rd 
mon to all three lists were averaged for analyses 
of variance. There were two between-Ss es 
ments: stimulus type (lightness vs. size dime 
Sion) and dissimilarity level (low vs. high). a 
length and daily sessions were within-Ss tenis 
ments. Table 2 contains a summary of t 
analysis of variance. fol- 
The major findings may be summarized as 


TABLE 2 
ANALYSIS OF VARIANCE 
Source df MS F 
Between Ss 47 109338.94 pr 
Dissimilarity (Di) 1 | 45480400 | 430 
Stimulus type (S) 1 63562.00 700 
Di XS 1 18.00 $ 
Error (between) 44 105010.36 
Within Ss 384 20079.52 je 
Days (Da) 2 | 234757.00 | 39.18 
Da X Di 2 1830.00 "76 
Da XS 2 10553.00 M 
Da X Di 2 1062.00 924" 
List length (L) 2 2689420.00 | 359-54 
X Di 2 66238.00 1,06 
LXS 7 8004.00 7 
LXDixs 2 1323.00 0,556" 
Da XL 4 22635.50 | 10-85 
Da XL x Di 4 3432.50 1:06 
Da XL XS 4 2287.50 ‘84 
Da XL X Di XS 4 1809.00 à 
Error (within) 352 4441.81 
Error 1 88 5991.13 
Error 2 88 7486.27 
Error 3 176 2144.91 
Total 431 29813.15 
* b «.05. 
> <.001 
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o— LOW DISSIMILARITY 
o- HIGH DISSIMILARITY 


2 3 4. 
LIST LENGTH 


Fic. 1. Mean choice RTs for high and low levels of stimulus 
dissimilarity as functions of number of equally probable 


stimulus-response alternatives. 


lows: (a) the List Length X Dissimilarity Level 
interaction was significant; (b) no effects involv- 
ing stimulus type were significant; and (c) there 
was a significant List Length X Daily Sessions 
interaction. 

The List Length X Dissimilarity Level interac- 
tion (see Fig. 1) indicated that the slope of the 
function relating mean RT to number of equally 
probable alternatives was greater for the low- than 
for the high-dissimilarity level. This result was 
consistent with the suggestion (Gholson & Hohle, 
1968; Smith, 1968) that differential increases in 
mean RT with list length may be due to differing 
levels of visual similarity of items included in the 
stimulus ensemble. Smith (1968) has reviewed 
data from card-sorting and many:l mapping tasks 
that are in accord with those reported here. 

The finding of no significant effects involving 
Stimulus type is taken to indicate that at least for 
the two sets of stimuli used, it was response- 
defined intralist similarity that accounted for dif- 
ferential increases in mean RT with list length, not 
Stimulus type per se. The generality of this finding 


May be limited (Smith, 1968), however, since un- 


ike stimuli used in most choice RT experiments, 


those used here were unidimensional. . 

The List Length X Daily Sessions interaction 
(see Fig. 2) indicating that practice reduced the 
Slope of the function relating RT to list length 
Was unexpected (Smith, 1968) and was inconsis- 
tent with related research in which 3-10 daily 
Sessions were used (Gholson & Hohle, 1968). In 
the earlier research, however, required responses 


i i esponses 
were al highly overlearned naming T ns 
eS hues, or familiar 


(e.g, naming numerals, words, 

bed ord in the present study, Ss were re- 
quired to associate nonsense syllables with unfa- 
miliar grays and circles. The possibility that 
practice in associating unfamiliar stimuli and re- 
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960, — DAY ONE 
920|- -DAY TWO 
gol -7-DAY THREE 


840 
800 
760 
720 
680 
640 


MEAN RT (MSEC) 


2 3 4 
LIST LENGTH 


Fic. 2. Mean choice RTs for Days 1, 2, and 3 as functions 
of number of equally probable stimulus-response alternatives. 


sponses may reduce the slope of the RT-list-length 
function receives some support from a related find- 
ing of Davis, Moray, and Treisman (1961). They 
reported a similar slope reduction in a task re- 
quiring imitative responses to acoustically pre- 
sented unfamiliar nonsense syllables. 

One tenable explanation for these findings derives 
from the acquired distinctiveness of cues (ADC) 
hypothesis (see Cantor, 1965). It states that 
learning names for highly similar stimuli tends to 
lessen generalization of responses (ie, reduces 
similarity) among items included in the ensemble. 
The present findings would follow since, as shown 
previously (see Fig. 1), similar is clearly a 
potent variable affecting the RT-list-length func- 
tion. The tenability of the ADC hypothesis un- 
fortunately cannot be directly evaluated in the 
present research since the scaling study was car- 
ried out prior to the RT study and used different 
Ss. Some indirect support is found, however, in 
a three-factor analysis of variance performed on 
error data. There were two between-5s factors: 
stimulus type and dissimilarity level. Daily ses- 
sions was a within-Ss factor. The only significant 
effect was daily sessions, F (2, 88) = 5676, p< 
.05. The error rate was 8.26% on Day 1, 5.1596 on 
Day 2, and 4.01% on Day 3. 
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Forty-two Ss learned paired-associate (PA) lists in which the stimuli were 
equated for meaningfulness (m) and varied in frequency (F) of occurrence 
in the English language. As ina study by Saltz, increased F was accom- 


panied by increased errors during learning (p < .001). 
those of Saltz were fit to a previously propo 
Despite the fact that S and R were prior associat 
were unrelated in Saltz, the crucial parametric va 


invariant across the two studies. 


Saltz and Modigliani (1967) have proposed a 
model which related paired-associate (PA) learn- 
ing to a two-process interpretation of meaningful- 
ness. The first of these processes is concerned 
with conserving the previous meanings of a word. 
It is assumed that with greater frequency of oc- 
currence of a word in a given context, the word 
becomes more resistant to casual new associations. 
Since a word typically has entered into many 
previous associations, it is assumed that the ten- 
dency to conserve previous meanings is a function 
of the average frequency per previous association, 
written F/M, where F represents the total fre- 
quency of occurrences of a word in the language 
and M represents the number of different associa- 
tions to the word, The Second process involved in 
meaningfulness of a word is its differentiation from 
other words. Differentiation is assumed to be a 
function of the total frequency of a word, irrespec- 
tive of context. 

The relationship between PA 


and meaningfulness 
is then written 


Errors = C--a T. — bF, [1 
7 

where C is a function of the resistance to interfer- 
ence of the new association being learned, while a 
and b are constants dependent on the procedure 
used. In the previous studies in this series, F was 
operationalized as Thorndike-Lorge (1944) fra. 
quency, and M as Noble’s (1952) meaningfulness 
Ky mm 1 was found to provide a fairly good 
first approximation to the Saltz and Modigliani 
(1967) data for response manipulation, , However, 
Equation 1 assumes a linear relationship between 
errors and F and F/M. Saltz and Modigliani 
suggested that a logarithmic relationship might 
provide a better approximation. It is proposed 


, 
1'This study was supported by National Science Foundation 


Gn CD eder reprints should be sent ty Ei Satz; Depait 


ment of Psychology, Wayne State University, Detroit, Michigan 
48202. 


The present data and 
sed model and compared. 
es in the present study and 
lues in the model remained 


then, to substitute log (1+F) and log (1-4- M) 
for F and M in Equation 1 to obtain 3 


a OS OFF) 
log (1+4 M) 


The purpose of the present study was to deter, 
mine the stability of the Parameters of Equation 
across extremely different Procedural conditions 
involving manipulations of stimulus meaningfulnes? 
Data reported by Saltz (1967) are compared pos 
data collected in the Present study. Stimulus anc 
response terms of the pairs were unrelated in the 
Saltz study. In the Present study, the stimulus 
and response of each pair were prior associates. 
Related terms Should be learned more rapidly than 
unrelated. In terms of Equation 2, related terms 
should affect C, which represents the resistance to 
interference of the newly learned S-R system. 
However, the a and b parameters should be un- 
affected, since they are determined by the tendency 
to conserve previous meanings of the stimuli an 
the differentiation of the stimuli, respectively. 1? 
Prevent too rapid learning, in the present stu y» 
presentation rate was increased to 1 sec. (as OP 
posed to 2 sec. in the Saltz study) and number E 
pairs was increased to 14 (from 10 in the previot 
study). r 

Method—The material consisted of three baet 
lists of 14 pairs each. The stimuli of each i5 
(taken from the 100 words scaled by Saltz, 1967? 
had approximately the same m value: m level Wet 
6.00-6.99 for one list, 700-799 for a second here 
and 800-899 for a third. Within each list t 200 
were five levels of stimulus F: 1-4, 30-40, T lon 
399-750, and 1,000-2,000 occurrences per 44 mil TA 
in the Thorndike-Lorge (1944) word count. the 
each list there were two stimulus words at F 
lowest F level and three at each of the other 

108 

3 Lo; i i v 

CD fne io qe fed lated, of Joe (D, beens et 


f: p es Kf 

n greater than - Similar reasoning apply, 73 

in Faudel TMD rather than log. (MJ. The ratio fare 
ion 1 and th i M) in Equa 

assumed to be always finite Tig; EMD 


Errors = C —blog (1+ F). [2] 
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levels. Each list of stimuli was associated with 
two different sets of responses, half of the Ss 
learning one set of responses, half learning the 
other. The criterion adopted for the selection of 
à word as a response to a given stimulus was that 
at least five, but not more than eight, Ss had given 
it as an association to the stimulus in the Saltz 
Study. This criterion insured that the response 
would be neither one of the most nor one of the 
least frequently given associations. In three cases 
the same words (ie, coin, number, and order) had 
to be used in both sets of responses because they 
were the only ones satisfying the criterion. Ex- 
amples of S-R pairs are: FILTER-water, PROBLEM- 
trouble. 

The Ss, 42 students in an introductory psychol- 
ogy course at Wayne State University, were as- 
signed randomly to conditions. Lists were pre- 
sented on a Stowe memory drum with a 1-sec. 
anticipation period (stimulus presented alone) fol- 
lowed by l-sec. simultaneous presentation of S-R 
pair. The intertrial interval was 4 sec. The Ss 
were run to the criterion of one errorless trial. 

Statistical analysis.—The present study involves 
a 3X 5 design (3 levels of m, 5 of F), as did that 
of Saltz and Modigliani (1967) and Exp. I and II 
of Saltz (1967). In the present paper, all of these 
experiments were subjected to the identical type 
of least-square analysis for goodness of fit to Equa- 
tion 2. The analysis for each experiment involves 
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minimizing the sum of Squares for the differences 
between predicted and Obtained errors for each of 
the 3 X 5 cells, Inserting the values of M and F 
for each cell (Ma, F:) into Equation 2, one ob- 
tains a predicted value, Êx’, for the mean errors in 
that cell. (In computing Êr, the following average 
values of the independent variables Mf, and Fy 
were assumed: M, —6.5, M= 75, M; —85; F, 
=2, F:—35, Fə= 150, F,— 550, Fs = 1,500.) The 
term to be minimized is 


3 5 " 

2555 (E — Env), 

hmi est 
where /: is a value of M, k is a value of F, Bax is 
the predicted mean errors for the cell hk, and Ey. 
is the obtained mean errors for that cell. 

Results.—As in Saltz (1967), the learning data 
indicated that increased stimulus F led to a greater 
number of errors at each m level. This effect was 
highly significant, F (4, 156) =16.23. While er- 
rors decreased as a function of a, neither this 
effect nor the FX m interaction approached sig- 
nificance. 

The primary purpose of the present study was to 
determine the stability of the parameters of Equa- 
tion 2. Figure 1 shows the mean errors at each F 
level for each of the three studies. Table 1 pre- 
sents the values for C, a, and b as obtained for the 
three studies in the curve fitting procedure de- 


5 STIMULUS MANIPULATION 


MEAN ERRORS 


NL PRESENT 


RESPONSE MANIPULATION 


5 
A z 
ý SALTZ & MODIGLIANI 
04 - 
1.544 2.176 2.740 3476 Log(1 
l 1500 F 


-477 
35 


150 550 


° FREQUENCY 


Fic. 1. Mean 


errors at each F level for each of the three studies. 
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TABLE 1 
CONSTANTS FOR THE LOGARITHMIC Fit 


Constants 
Manipu- 
Study lation 
[^ a b 
Stimulus | 1.01 | 4.01 | 3.69 
Prts (1967) Stimulus | 2:80 | $03 | i66 
al - H 
Saltz & Modigiant Response | 5.49 | 1.63 | 2.09 


i earlier. The values of a and b for the 
ier i studies (ie, Saltz, 1967, and present 
study) were not significantly different. This is 
shown by a cross validation procedure. The values 
of a and b from the present study were used to 
predict Saltz's data. The means thus predicted 
and the observed means were not significantly dif- 
ferent. The F ratio for the goodness-of-fit test 
was less than 1 for the frequency effects and F 
(2, 42) =1.32 for the meaningfulness effects, On 
the other hand, the two C values (which could be 
compared directly) were significantly different, F 
(1, 123) — 7.01. The values of the constants a 
and b for the response study were clearly signifi- 
cantly different from those of the stimulus studies ; 
in the former study, a<b produced a significant 
decrease in errors as F increased, while in the 
latter, a7» b produced a significant increase in 
errors as F increased. 

A comparison of the 
linear vs, lo 
taken. 


J goodness of fit for the 
garithmic functions was also under- 
For each of the three studies (Saltz, 1967; 
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Saltz & Modigliani, 1967; and the present study), 
the logarithmic form fits better than the linear. 
For the log frequencies, over 15 points (5 in each 
exptriment), only 1 produced a significant differ- 
ence between predicted and observed means. 

Conclusions.—The data of the present study sup- 
port those of Saltz (1967) in finding a significant 
tendency for increased stimulus F to produce in- 
creased errors in learning. Further, the a and b 
parameters of Equation 2 proved to be relatively 
invariant between the two studies, despite the siz- 
able procedural differences. The difference. in 
difficulty between the studies appears to be attribu-. 
table to the C parameter. The fact that the same 
equation can be used to describe either the stimulus f 
or the response manipulation also lends support to 
the general formulation. It supports the positing 
of two different processes, conservation of previous 
meanings and differentiation, working in competi- 
tion with one another but having strengths which 
are dependent on the locus of list manipulation. 
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